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ABSTRACT and EXCUTIVE SUMMARY 
The Henslow's Sparrow (Ammodramus henslowii) lives in one of the fastest 
declining habitats in North America, the tall grass prairie. Concurrently, the 
Henslow's Sparrow population nationwide declined over 91% between 1966-1993. 
Conservation ofHenslow's Sparrows requires in-depth research into the species' 
breeding ecology, habitat selection, and how humans impact the species. Between 
1998 and 2000, I studied Henslow's Sparrow breeding ecology at Fort Drum, New 
York, an active army base supporting 10,000 troops and part of the largest Henslow's 
Sparrow breeding population in the Northeast. 
I studied the abundance and distribution of the Henslow's Sparrow, along with 
the Grasshopper Sparrow and Savannah Sparrow, using 48, 100-m radius point count 
plots. All three species' populations fluctuated annually between 1995-2000, based 
on data collected during my study coupled with data from the Environmental Division 
of Fort Drum Grassland Bird Study (1995-1998). The Savannah Sparrow population 
within 2,340 ha western grassland at Fort Drum was estimated at over 250 pairs while 
Grasshopper Sparrow numbers were minimal at less than 10 pairs. The point count 
data, however, underestimated Henslow's Sparrows' numbers when compared to 
banding data; based on banding data and field observations, I estimated the 
Henslow's Sparrow population in my study area to be 30-40 pairs. 
I mist-netted and color banded 85 llenslow's Sparrows, including 56 males, 
13 females, and 16 juveniles. A small morphological difference between adult males 
and females was noted, with females averaging a shorter metatarsus and wing chord. 
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Eight of the 69 adult birds banded exhibited site fidelity (14.7o/o), with 1 female and 7 
males returning to within an average of 1000±362m of their banding sites. One 
juvenile banded in 1999 returned in 2000. Interestingly, this juvenile's father also 
returned in 2000. There were no variations in morphological measurements between 
returning and non-returning birds. 
Four study plots of7-12ha were used to intensely monitor Henslow's 
Sparrows breeding biology, association with habitat variables, and how military 
maneuvers affected the species. One plot was located in the northern and southern 
parts of training areas 13-A and 12-C, along the western corridor of the base. 
A total of 63 territories were monitored over the 3-yr study- 22 in 1998, 21 in 
1999, and 20 in 2000. Territory size averaged 0.38 ± 0.06 ha. Reproductive success 
ofHenslow's Sparrows was estimated at 25% based on the Reproductive Index of 
Vickery et al. (1992). During the 1999 field season two nests were located; however, 
only one nest with four nestlings survived. 
Jiabitat characteristics associated with Henslow's Sparrow's at Fort Drum 
were similar to those described in other studies. The species was found amongst 
dense herbaceous vegetation and live grass, in areas with few shrubs and at low 
elevations. Average vegetation composition of territories was 3 7% grass, 43 °/o grass 
litter, 17% forbs, 1% forb litter, and :::; 1% shrubs. 
Military impact on the Henslow's Sparrow at Fort Drum was assessed in the 4 
study plots. Average, annual percent of the 50m x 50m study plot quadrats affected 
by tracked vehicles ranged from 0-31.7% (n=140, total number of quadrats observed); 
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however, annual impact was significantly different in only one study plot, 13a-south 
from 1999 to 2000. A Student's T-test revealed a high level of impact positively 
influenced the amount of forb cover while affect on shrub numbers was inconclusive. 
Although no direct relationship between breeding biology ofHenslow's Sparrows and 
military impact was found, military maneuvers appear to be a potential influence on 
where Henslow's Sparrows establish territories. 
Based on the findings of this study I recommend: 
• Continuation of point count surveys to insure data collected in my study was not 
affected by weather or observer variation and to establish long-term trends for the 
population. 
• More intense monitoring oflienslow's Sparrow breeding biology and military 
impact using an off-base control site, possibly Perch Lake Wildlife Refuge. 
• Investigate the use of Geographic Information System to spatially view the 
species' distribution in relation to standing water as a possible method of 
predicting future locations of the species. 
• Temporally shift heavy military training and use of tanks in key Henslow's 
Sparrow habitat to after 1 July to reduce the impact on the land and breeding 
birds, and allow for more sustainable use later in the season by not disturbing 
vegetation when it is most vulnerable. This would also insure that the Henslow' s 
Sparrow, along with other grassland bird species, would more likely be able to 
successfully raise young. 
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CHAPTER I: 
INTRODUCTION 
Grassland bird populations in North Atnerica are declining at an alarming rate 
(Knopf 1994, Chadwick 1997). More than half of the obligate grassland species 
declined nationwide between 1966-1994, compared to only two out of 40 forest 
species (I-Ierkert 1994a, Askins 1999, Vickery et al. 1999). "Grassland birds have 
shown steeper, more consistent and more geographically widespread declines than 
any other behavioral or ecological guild ofNorth American species (Knopf 1994)." 
The cause of the massive decline in grassland birds is multifaceted. Loss of 
habitat caused by changing agricultural practices, reforestation, and urban 
development is the predominant reason grassland bird populations have declined 
(Askins 1993 ). Dramatic changes in agricultural practices over the past century, 
including hay fields being cut more frequently within one season, use of new 
chemicals, an increase in improved pastures, and planting of alfalfa and corn crops 
have also contributed to grassland bird decline (Vickery et al. 1999). In addition, 
many farms were sold to the government during the Great Depression to pay for taxes 
and left fallow (Stnith 1991); many of these farmlands have reverted to forest through 
succession (Smith 1991 ). Drainage of wetlands, removal of native grazers, planting 
of exotic grasses, erosion/degradation, and use of toxic chemicals to control 
mosquitoes also have contributed to the decline of grassland birds (Austen 1994, 
Knopf 1994, Peterjohn and Sauer 1999, Vickery et al. 1999). 
The loss and degradation of grasslands has placed many of the 12 endemic 
and 25 obligate grassland bird species on state or federal protection lists nationwide 
(LaRoe 1995, Vickery et al. 1999). In the Northeast, grassland birds have been 
identified as the avian group with the "most widespread and persistent declines in 
abundance" (Wells and Rosenberg 1999). Rates of decline for northeastern 
grassland bird populations (12%/yr) surpassed those in the Midwest (8%/yr) between 
1966-1996 (Wells and Rosenberg 1999). Once abundant breeding species like 
Dickcissels (Spiza americana) and Homed Lark (Eremophila alpestris) are no longer 
common (Hurley and Franks 1976), while other grassland bird species in the 
Northeast are rapidly declining, including the Savannah Sparrow (Passerculus 
sandwichensis), Grasshopper Sparrow (Ammodramus savannarum), and Henslow's 
Sparrow (Ammodramus henslowii) (Peterjohn and Sauer 1999, Sauer et al. 2001). 
The focus of my research is on the breeding ecology of, and human impact on, the 
Henslow's Sparrow. 
The Henslow's Sparrow historically bred across the central and eastern 
portions of the United States and southeastern Canada (Hyde 1939). Jiowever, over 
the past 30 years the species' population has experienced a rapid decline due to 
habitat fragmentation and loss of grassland habitat (Knopf 1996, Herkert 1997, 
Peterjohn and Sauer 1999, Wells and Rosenberg 1999). Today the species is 
extirpated from New England and breeds only in New York and states to the south 
and west (Pruitt 1996, Shriver et al. 1997). Swengel (1996) estimated the population 
range wide has declined by 91%, based on 1966-1993 Breeding Bird Survey (BBS) 
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data, with an average yearly loss of 8.5% (Herkert 1997, Peterjohn and Sauer 1999). 
The species is listed as endangered, threatened, or a species of special concern in 16 
states, and in 1993 Canada designated the species as endangered (Austen 1994, Pruitt 
1996, Mitchell 1998). The United States Fish and Wildlife Service labeled the 
spanow as a migratory non-game species of management concern in 1987 and in 
1995 (USFWS 1995). 
In New York State, the Henslow's Sparrow was considered rare or uncommon 
in the early 1900's (Graber 1968). Between the 1920's and 1940's populations 
increased, paralleling farm industry growth in New York (Graber 1968). However, 
by the 1950's, the population started to decline (Graber 1968), along with grassland 
acreage (Vickery et al. 1994 ). Between 1966 and 1998 the New York population of 
Henslow's Sparrows declined 14%/yr (Sauer et al. 2001). Isolated breeding 
populations still persist in three regions: the Finger Lakes, Mohawk Valley, and St. 
Lawrence Plains (Eaton 1988, Smith and Smith 1992, Mazur 1996, Pruitt 1996, 
Shriver et al. 1997, Norment 1999). The Henslow's Sparrow is listed as a threatened 
species in New York (NYDEC 2000), and is ranked as a top conservation priority in 
the Northeast, "even when compared with all non-grassland birds" (Wells and 
Rosenberg 1999). 
The rapid decline of the Henslow's Spanow has caused a surge of research on 
. the species (Cuddy 1984, Zimmerman 1988, Hands, et al. 1989, Clawson 1991, Smith 
and Smith 1992, Hanson 1994, Austen et al. 1995, Mazur 1996, Herkert 1997, Koford 
1997, Michaels 1997, Smith 1997, Herkert and Glass 1999, Winter 1999). I-Iowever, 
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further information on the l-Ienslow's Sparrow's breeding biology (Robins 1971a) 
and how humans impact the species (Herkert 1994b) is still required in order to 
design regional specific conservation strategies to preserve the species. The largest 
concentration of the species in the Northeast resides in Jefferson and Saint Lawrence 
Counties, New York (Shriver et al. 1997, Norment 1999). Fort Drum Military 
Reservation, located within Jefferson County, houses a large portion of this 
Henslow's Sparrow population (Eaton 1998). The active, 43,409 ha U.S. Army base 
supports one of the largest contiguous grasslands in New York and therefore offers an 
ideal site to study human impact and breeding behavior of the Henslow's Sparrow 
(Johnson 1996). The goals of this study were to determine abundance, distribution, 
yearly occupancy, site fidelity, breeding biology, and habitat use ofHenslow's 
Sparrows at Fort Drum, and how military activity affects the species. 
Study Species: Henslow's Sparrow 
Taxonomy- Audubon collected the type specimen ofHenslow's Sparrow 
(Emberizidae, Passeriformes) in Kentucky in 1820 (Pruitt 1996). Historically the 
American Ornithologists' Union recognized two subspecies ofHenslow's Sparrow-
the Western Henslow's Sparrow (Ammodramus henslowii henslowii) and Eastern 
Henslovv's Sparrow (A. h. susurrans) (AOU 1957). Genetic research hopefully will 
shed light on the taxonomic status of the sparrow (pers. com. Seri Ibarguen). 
Appearance and Behavior- Like most tall-grass sparrows, Henslow's Sparrows are 
small, with a short, deep bill (Cody 1985). The sparrow has a large, flat head, striped 
with olive, black and white. The rusty wing coverts stand out against the bird' s huffy 
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streaked breast and sides, white belly and undertail coverts, and brownish-gray, 
streaked back (Pruitt 1996). The species is sexually monomorphic, although I-Iyde 
(1939) noticed males in the Northeast possess more black on the crown, with striping 
less symmetrical than in females. Juvenile plumage varies greatly from adult 
plumage and is similar to adult Grasshopper Sparrow plumage (Forbush 1929). Adult 
Henslow's Sparrows are only 12.1-13.3 em in length, and weigh an average of 13.13 
g (Hyde 1939). Hyde (1939) gives descriptions of aging and seasonal changes in 
coloration. 
Henslow's Sparrow's insect-like voice distinguishes the bird: tze-wick or sis-
r-r-r-tit-srit-srit (Pruitt 1996). Rarely, males and females will communicate with a 
descending vocalization (Hyde 1939). In optimal conditions the song of A. henslowii 
can be heard across a 200m field (Austen 1994, Ells 1995). Henslow's Sparrow's 
singing is mainly crepuscular (0400-1000 and 1600-2100) (Robins 1971a). 
This "mouse with wings" (Audubon, cited in Pruitt 1996) flies only a short 
distance after being flushed, then drops to the ground and runs. Henslow's Sparrow's 
flight is low, erratiC, and undulating and they twist their tail between wing beats 
(IIyde 1939). 
Ecology- Henslow's Sparrows arrive in New York from late April to early May and 
nest May to mid-August (Graber 1968, Levine 1988", Smith 1992, Herkert 1999). The 
sparrow inhabits grasslands with a well-developed litter layer (Wiens 1969, Robins 
197lb, Rotenberry and Wiens 1980, Bollinger 1995, Mazur 1996), tall standing dead 
residual vegetation (Zimmerman 1988, Sample 1989, Mazur 1996), tall, dense 
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vegetation (Robins 1971b, Clawson 1991, Herkert 1991, Herkert 1994b),with few 
shrubs (Sample 1989, Herkert 1994b, Mazur 1996). 
Territories are often established in loose colonies, based on the location of 
suitable habitat (Graber 1968, Burhans 2002). Individual territories range between 
0.18-1.0 ha in size (Wiens 1969, Robins 1971b). The shape, size, and location of 
individual territories are initially variable (Wiens 1969, Robins 1971b), but become 
spatially static 1-4 weeks after establishtnent (Hyde 1939, Wiens 1969, Herkert 
1994a). Herkert (1999) recognized a hierarchical pattern of habitat occupancy with 
dominant, early arriving birds gaining larger and better quality territories. 
Territorial defense consists of singing from exposed perches against 
aggressors, including Savannah Sparrows, Grasshopper Sparrows (Wiens 1969), 
Bobolinks, (Dolichonyx oryzivorus) and Red-winged Blackbirds (Agelaius 
phoeniceus) (Robins 1971b). Perhaps the reason whyHenslow's Sparrows establish 
territories in areas where few or no other species live (Wiens 1969) is because 
territory defense is exclusively by song against larger species (Robins 1971b ). 
Socially monogamous, Henslow's Sparrows nest 1-4 weeks after establishing a 
territory (Hyde 1939, Wiens 1969). The female constructs a nest (Hyde 1939) 
lacking green vegetation (Robins 1971b) in about 4-5 d (Wake 1997). A typical nest 
is open-cupped and rests on a thick litter layer 13-26 em above the ground (Hyde 
1939, Robins 1971b). Hyde (1939) noted two nest variations: a domed cup and one 
cup placed in a depression in the ground. Incubation of 3-5 eggs is done solely by the 
female (I-Iyde 1939, Graber 1968, Robins 1971b), and takes about 10 to 11 d (I-Iyde 
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1939, Wiens 1969). Eggs are ovate and slightly glossy, creamy, pale greenish white 
with an auburn ring of spots around the larger end of the egg (Graber 1968). Once 
the eggs hatch, females eat the eggshells and both parents dispose of fecal sacs 
(Robins 1971b). The male and female both feed the young with 80% of the nestlings' 
diet consisting of grasshoppers and butterfly larvae (Robins 1971a, Swanson 1996). 
Young fledge at 9-11 d, weighing approximately 75o/o of their adult n1ass (Hyde 
1939), with plumage similar to an adult Grasshopper Sparrow. Double brooding in 
Henslow's Sparrows is possible (Robins 1971b, Skipper 1998). Proportion of 
successful nests varies from 0.19-0.74 using simple nesting success (number of nests 
fledged/number of nests found) to 0.065-0.395 using Mayfield (1975) nesting success 
(Winter 1999, Burhans 2002). 
Effects of Disturbances- Fire, grazing, and haying affect the presence ofHenslow's 
Sparrows in a field. Fires preclude sparrows from nesting in an area for 2-3 years 
(Herkert 1999). Grazing affects the species similarly as fire; however, sparrows may 
inhabit lightly grazed fields (Smith 1997, Herkert 1999). Effects of haying are least 
understood. Sparrows may occupy fields just hayed or avoid fields mowed the 
previous year (Herkert 1999). In sum, Herkert (1999) stated "periodic disturbances 
may be necessary to maintain suitable habitat for Henslow's Sparrows, although 
disturbance reduces habitat available to Henslow's Sparrows tbr one to two breeding 
seasons.'' 
Distribution- The Henslow's Sparrow is endemic to North America, and breeds and 
winters predominately in the United States (AOU 1998). The sparrow breeds across 
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the mid-western and eastern United States and southeastern Canada (Herkert 1999), 
and winters in states along the Gulf Coast north to the mid-Atlantic (Mitchell 1998, 
Plentovich 1999). Smith (1992) lists the Henslow's Sparrow as common only in 
Minnesota and western portions of the Great Lakes Plains, due to significant declines 
over much of its range. In New York the species is most generally distributed along 
the southeast shore of Lake Ontario (Levine 1998). Across its range the species 
inhabits nine different military reservations (Mitchell 1998) (Table 1 ). 
Sparrow species associated with Henslow's Sparrows 
Grasshopper Sparrow (Ammodramus savannarum) 
Biology- The Grasshopper Sparrow is morphologically similar to the Henslow's 
Sparrow, yet a little larger in size. Adults weigh 18 to 20 g and average 11.5 em in 
length (Rising 1996). Adult plumage coloration differentiates the two species, with 
the Grasshopper Sparrow having an unstreaked breast and mottled brownish back, a 
distinct pale median crown-stripe and wide, dark brown lateral crown-stripes (Rising 
1996). Adult Grasshopper Sparrows are sexually monomorphic (Smith 1968, Rising 
1996). 
The song consists of 2-3 high notes followed by a high trill (Rising 1996). 
The species flies low over the ground in a weak zigzag pattern, suddenly dropping to 
the ground out of sight (Rising 1996). The sparrow often will run along the ground 
rather than fly (Rising 1996). 
Ecology- In the Northeast the Grasshopper Sparrow breeds from May 20 to July 30 
(Jones and Vickery 1995, Vickery 1996). The species establishes 1.0-3.4 ha 
8 
territories in short grasslands (Smith 1968, Wiens 1969). Grasshopper Sparrows 
favor well-drained upland areas with short bunchgrasses, clumping forbs, and a 
minimal number of shrubs, along with patches of bare ground (Crossman 1989, Jones 
and Vickery 1995, Rising 1996, Vickery 1996). Territorial males use scattered tall 
forbs and shrubs for song perches (Jones and Vickery 1995). 
The ground-nesting sparrow usually builds an elaborate nest sunk in a small 
hollow with tufts of overhanging grasses or weeds forming a dome over the nest 
(Baicich and Harrison 1997). The female incubates 4-5 white eggs heavily marked 
with reddish-brown spots (Crossman 1989, Baichich and Harrison 1997). Incubation 
lasts 11-12 d and nestlings fledge after 9 d (Crossman 1989, Baicich and Harrison 
1997). During the breeding season the Grasshopper Sparrow consumes grasshoppers, 
caterpillars, ants, bugs, and some grass and weed seeds (Jones and Vickery 1995). 
Distribution- The species is distributed across much of North America including parts 
of the Caribbean, breeding in the north and wintering in the southern portions of the 
continent (Smith 1968). The Florida subspecies, however, does not tnigrate (Dean 
pers. com. 1998). 
Savannah Sparrow (Passerculus sandwichensis) 
Biology- The coloration of the Savannah Sparrow varies across the species' 
geographic range (Rising 1996). Typically, the bird is streaked on its breast and 
back, with a medium to short, notched tail with no white, and a distinguishing yellow 
supercilium and whitish median crown-stripe (Rising 1996). The sparrow is sexually 
monomorphic; however the male is slightly larger than the female (Rising 1996). 
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Adult size ranges from 11-15cm in length and the species weighs an average of 19 g 
(Rising 1996). The song is generally a lisping tzip-tzip-tzip ztreeeeeeeee-ip (Rising 
1996). 
Ecology- The Eastern Savannah Sparrow typically breeds from May 21 to July 31 in 
upland, grassy meadows, pastures, old fields, sandplain grasslands, and salt meadows 
(Jones and Vickery 1995, Rising 1996, Baicich and Harrison 1997). Territories are 
1.0-2.0 ha (Wiens 1969, Rising 1996), in areas of dense ground vegetation with a 
mixture of short and tall grasses, forbs, and scattered saplings and shrubs (Jones and 
Vickery 1995, Rising 1996). Males defend their territories by singing from exposed 
perches (Crossman 1989, Jones and Vickery 1995). The fen1ale builds a ground-level 
nest over 1 to 3d. Both parents incubate 4 to 5 eggs for 8 to 10 d (Crossman 1989, 
Baicich and Harrison 1997). The diet of the sparrow during summer months consists 
mostly of insects including beetles, caterpillars, grasshoppers, and ants and also some 
grass seeds, weed seeds, and fruit (Jones and Vickery 1995). 
Distribution- The Savannah Sparrow is considered pan-North American; however, 
the species does not breed in southeastern United States (Crossman 1989). Despite 
the species' large range, populations have declined in Ontario, Minnesota, Iowa, and 
eastward between 1966 and 1996 (Peterjohn and Sauer 1999). 
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Study Site 
Fort Drum Military Reservation is located in Jefferson County, New York. 
The active Army base supports 10,000 troops from the 101h Mountain Division, an 
equal number of civilian employees, and numerous reserve troops including Army 
Reserve, Marine Corps Reserve, Air Force Reserve, and Coast Guard Reserve 
(Johnson 1995). The 43,409 ha base functions prirnarily as a training facility; 
however, environmental and natural resource protection is also included in the base's 
mission (Joule and Mackey unpublished). 
Harsh winters and moderate summers typify the climate of Jefferson County. 
Average temperatures range from -34° to 1 °C in the winter and 16° to 27°C in the 
summer. Annual precipitation is 271 em, with 202 <;m falling as snow (Cornell 
University 2002). 
The 2340 ha grassland study area consists of 4 training areas (12B, 12C, 12D, 
& 13A) located along the western corridor of the base (Fig. 1). Elevation varies only 
slightly, ranging between 119m and 185m. The soil is predominantly Rhinebeck and 
Hudson silt loam, which have a high capacity to hold water for plant growth 
(Bolsinger 2000 ). llistorically the area was forested; however, in the mid-191h 
century the land was cleared for logging or agricultural use (Bolsinger et al. 2000). 
Thus the grasslands of the base are old hay fields composed of introduced grasses and 
forage species (Johnson 1995). Characteristic vegetation includes sedge (Carex spp.), 
gray dogwood (Corn us racemosa), Queen Anne's lace (Daucus carota), timothy 
(Phleum pratense), bluegrass (Poa spp.), goldenrod (Solidago spp.), and vetch (Vicia 
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cracca) (Johnson 1995). The relatively high amounts of military use in the study area 
may be responsible for the maintenance of the open communities by reducing and 
suppressing the growth of woody vegetation (Johnson 1995, Bolsinger et al. 2000). 
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Table 1 Militaty bases in the United States where Henslow's Sparrows occur (Mitchell1998). 
Wintering Grounds 
Fort Stewart, Georgia 
Marine Corps Base Camp Lejeune, North Carolina 
Fort Polk, Louisiana 
Avon Park Air Force Range, Florida 
Tyndall Air Force Base, Florida 
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Breeding Grounds 
Godman Air Field at Fort Knox, Kentucky 
Jefferson Proving Grounds, Indiana 
Fort Riley, Kansas 
Fort Drum, New York 
,..... 
..j:::. 
Study Site 
•-· '"·-----, ....: 
---------- Fort Drum 
2000 u 2000 .fOOO \1eler~ 
K 
t' ~-' 
Fig. 1 Location of study site ([]) at Fort Drum. NY. 
CHAPTER II 
TEMPORAL VARIATION IN ABUNDANCE OF THE HENSLOW'S, 
GRASSHOPPER, AND SA V ANNAB SPARROWS AT 
FORT DRUM, NEW YORK 
The breeding ranges and habitat preference ofHenslow's Sparrow, Savannah 
Sparrow, and Grasshopper Sparrows overlap to a high degree (Fig. 1) (Handset al. 
1989, Smith 1992, Smith and Smith 1992, Sauer et al. 2001). All three species breed 
in grasslands of at least 10 to 30 ha in size (Herkert 1991) with low forb density and 
shrub cover (Wiens 1969). However, vegetation density and height also influence the 
location of these species; lfenslow's Sparrows require tall, dense grassslands, while 
Grasshopper Sparrows prefer sparse vegetation, and Savannah Sparrows occur in 
habitat with intermediate vegetation density and height (Sauer et al. 2001 ). 
In New York all three species are declining: Henslow's Sparrows at -14.5%/ 
yr, Savannah Sparrows at -2.5%/yr, and Grasshopper Sparrows at -10.5%/yr, based 
on 1966-1996 BBS data (Sauer et al. 2001). However, BBS roadside surveys may 
not accurately assess these species' populations because they live primary in the 
interior of large grasslands. Assessing the sparrows' breeding population in one of 
the large continuous grasslands in New York at Fort Drum helps addresses this 
problem. 
METHODS 
Point counts 
Point counts were established throughout the grassland study area to assess 
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the distribution and abundance of Henslow's Sparrows, Grasshopper Sparrows, and 
Savannah Sparrows at Fort Drum. Point counts were selected from previously 
established point counts set up by the Environmental Division Grassland Bird Project 
in 1995. One hundred and twenty-seven locations were randomly established 
throughout the grassland study area using ARCINFO, a component of Geographic 
Information Systems (GIS). Points were a minimum distance of 250m apart and at a 
density of 4.1 points/100 ha (Bolsinger et al. 2000). In 1998, I selected 48 of the 127, 
100 m radius plots for my surveys, based on presence of study species in previous 
years and pre-season field observations (Fig. 2). I located points in the field using a 
real-time Trimble™ GPS (Global Positioning System) and marked each location with 
a 1.5 m wooden stake. The number of Henslow's Sparrows, Grasshopper Sparrows, 
and Savannah Sparrows heard at each point were recorded in 3-, 5-, and 10-min 
intervals with time periods inclusive of one another. I classified each bird's distance 
from the center of the census point as <50m, 50-1OOm, or >1OOm frotn the point. I 
surveyed the points in random order between dawn and 1030 EST once a month from 
May-August (Michaels 1997, Knick and Rotenberry 1999). Both my field technician 
and I completed May counts together in order to calibrate data collection and reduce 
observation error (Dawson 1981 ). I-Iowever, only my data were used for the month of 
May, while June and July counts were split evenly between my field technician and 
myself, and my field technician completed the August census. Hence, each point 
count was surveyed four times each season, twice by my field technician and two 
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times by myself. Counts were conducted during times of no precipitation and with 
wind <20 km/h. 
Temporal variation in abundance 
Persistence ofHenslow's Sparrows, Grasshopper Sparrows, and Savannah 
Sparrows at points was established over a 6-yr period by coupling Grassland Bird 
Project data (1995-1998) with my data (1998-2000). The Grassland Bird Project was 
developed to analyze the relationship between habitat variables and population size of 
grassland birds (Bolsinger et al. 2000 ). Because census data for the Grassland Bird 
Project were recorded for only 5 min, yearly occupancy for the three species is based 
on 5 min census. Point count data for the 1998 Grassland Bird Project and this study 
were averaged to create one data set for 1998. Only individuals recorded within 100 
m of the point count were included in the analysis. 
Statistical Analysis 
Abundance ofHenslow's Sparrows, Grasshopper Sparrows, and Savannah 
Sparrows were determined by averaging each year's monthly, 5-min count data. Both 
yearly (May-August averages/4) and overall average for the 6 yr of data were 
calculated. Yearly averages (total number ofindividuals/48 points/census) were used 
to determine the change in the three sparrows' breeding populations between seasons. 
The frequency of occupancy for each species over 6 yr were calculated using 
presence or absence data for each circular point count plot. A chi-square test was 
done to determine if there was a relationship between the frequency of presence at 
point count plots between the three species. Since some of the expected values for 
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the chi-square test were less than five (Zar 1999), frequency of occurances variables 
were grouped into four catagories: present 0 yr, 1-2yr, 3-4yr, and 5-6 yr. The critical 
value for the chi-squared test was then altered using the Bonferroni Adjustment to 
compensate for grouping the data (Zar 1999 ). I also completed a repeated measures 
ANOV A to determine if individual species abundance per point count differed 
significantly among years. In addition, the average annual breeding populations of 
each species within the study area were estimated based on the proportional 
relationship between the area covered by point counts and the actual size of the the 
study area (2340 ha). 
In addition, the relationship between annual precipitation levels and annual 
abundance ofHenslow's Sparrows was assessed using regression analysis to see if 
precipitation influenced Henslow's Sparrow population at Fort Drum as it did in 
Illionsis (Herkert and Glass 1999). Precipitation data were collected at the 
Watertown International Airport located 22 km southwest of the study site (Cornell 
University 2002). Data are presented in x ± SE unless otherwise indicated. 
RESULTS 
Average, annual abundances over 6 yr at my Fort Drum study site, based on 
48 points, were 130.1 ± 20.8 males for Savannah Sparrows, 3.3 ± 2.3 males for 
Grasshopper Sparrows, and 13.7 ± 6.9 males for Henslow's Sparrows(± 1 SE). 
Populations of all three species fluctuated over the 6 yr; numbers of Savannah 
Sparrows and Grasshopper Sparrows were greatest in 1997 and 1998, and lowest in 
1995 and 2000; Henslow's Sparrow numbers, however, were greatest in 1995 (Fig. 
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3). Average Savannah Sparrow abundance peaked at 156.7 males in 1998, and was 
lowest at 90.0 males in 2000; Grasshopper Sparrows numbers were relatively low 
across the 6 yr, with the highest number of males being only 6.2 males/48 points in 
1998. Henslow's Sparrow populations peaked in 1995, with an average of 18.7 
males/48 point, and in 1998, with 17.3 males/48 points. The Henslow's Sparrow 
population dropped to a low of 5.7 males/48 points in 2000. 
Annual variation in site occupancy during the study is best depicted by 
graphing the proportion of years each species was present at each of the 48 point 
counts (Fig. 4). Occurrence ofHenslow's Sparrows was not consistent, with birds 
returning to only two points during all 6 yr (Fig. 4a). Figures 5, 6, and 7 depict the 
Henslow's Sparrow's temporal and spatial shifts in location between breeding 
seasons. Grasshopper Sparrow numbers were lowest among the three sparrow 
species (Fig. 4b) while Savannah Sparrows were encountered at almost all of the 48 
point counts (Fig. 4c). Frequency distribution for site occupancy for the three 
species differed significantly (X2=22.458, P=<O.OO 1 ). The mean numbers of 
Henslow's Sparrows per point count plot differed significantly between years 
(ANOV A: F s,4s= 8.302, P=0.006). However, the mean number of birds per point for 
both Grasshopper Sparrows (ANOVA: Fs,4s=0.655, P=0.422) and Savannah Sparrows 
(ANOVA: Fs,4s= 1.200, P=0.279) were not significantly different among years. 
It \vas difficult to estimate the average number of males of each species 
inhabiting the study site during the breeding season because of the annual changes in 
available habitat caused by military maneuvers and the patchy distribution of both the 
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Henslow's Sparrow and Grasshopper Sparrow. The estimated number of territorial 
males based on surveys within the study area is over 250 Savannah Sparrow males 
and only 5-10 Grasshopper Sparrow males. Banding data suggest that point counts 
underestimated Henslow's Sparrow numbers (Chapter III). Based on banding records 
and field observations, the average annual number ofHenslow's Sparrow males 
located in the 2,340 ha grassland study area was 30-40 pairs. 
Henslow's Sparrow presence was influenced by annual precipitation. 
Regression analysis revealed a significant inverse relationship between annual rainfall 
and average, annual number ofHenslow's Sparrows/48 point counts [r2=0.951, 
P=0.001, #HESP/48 point counts=69.4- 0.65 (Jan.-Dec. precipitation)] (Fig. 8). 
DISCUSSION 
The Henslow's Sparrows at Fort Drum Military Reservation, New York are 
part of a larger population located in the Saint Lawrence Basin (Shriver et al. 1997, 
Leon pers. comm.). Based on roadside surveys in 1997 and 1998 it has been 
estimated that over 150 territorial males live within the± 800 km2 areato the west of 
the military reservation (Leon pers. comm., Norment 1999). 
Fluctuation in breeding bird abundance may be caused by many factors, 
including movement between avaible sites in the Saint Lawrence Basin, weather, 
food abundance, and densities of conspecifics, competitors, and predators, as well as 
observer differences (Block and Brennan 1993). Most notably, census methods 
generally assume that each species has a similar probability of detection by song 
(Rotella et al. 1999); however, detectability probably varies with species and sex 
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(Winter 1998). Further, paired males often sing less frequently than unpaired males 
(Winter 1998). Because of variation in detectability, breeding bird numbers can be 
under- or overestimated. Burhans (2002) found through review of literature on 
Henslow's Sparrows that the true number of singing males was on average 64-68% 
higher than point count data suggested. This problem is illustrated by my 2000 field 
season data when an average of only 5.7 Henslow's Sparrow were recorded at the 48 
point count plots versus the 23 males I mist netted and banded (see Chapter III). 
Shifts in annual population size may have also been caused by varied weather 
conditions. Igl and Johnson (1999) found LeConte's Sparrow (Ammodramus 
leconteii) population numbers varied depending on local mositure conditions. 
Henslow's Sparrows populations have been found to increase in abundance when 
spring precipitation in the current year exceeds the spring rainfall of the preceding 
year (Herkert and Glass 1999). My data suggests that precipitation may influnce 
Henslow's Sparrow population size; however, regression analysis showed Henslow's 
Sparrows at Fort Drum were negatively, not positively, impacted by high levels of 
annual precipitation. Although these data conflict on how precipitation affects 
Henslow's Sparrows, they do suggest that precipitation regimes could act as an 
environmental predictor in determining the location and abundance of birds 
(Rotenberry and Wiens 1980). The potential for spatial modeling to predict 
IIenslow's Sparrow locations using Geographic Information Systems (GIS) and 
monthly precipitation values was promising based on initial analysis (Cady pers. 
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comm. 2000). When local precipitation values were input into a GIS watershed 
model, Henslow's Sparrows were associated with areas of standing water. 
Point count data from Fort Drum suggest that Henslow's Sparrow populations 
on the base fluctuate through time, and that the species shifts its distribution in the 
western grassland study area from year to year (Fig. 5-7, this chapter; Fig. I and 2, 
Chapter III; Fig. I, Chapter IV). Given the apparent changes in Henslow's Sparrow 
population size and distribution at Fort Drum between I998 and 2000, the 48 point 
count stations identified in 1998 should be used to monitor the Henslow's Sparrow 
population on an annual basis. 
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Fig. 1 Breeding distribution of the Henslow's Sparrow (A), Grasshopper Sparrow 
(B), and Savannah Sparrow (C) based on 1966-1996 BBS data (Sauer et al. 2001). 
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Fig. 2 Point count distribution across the western grassland corridor of Fort Drum, 
NY. 
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Fig. 5 Average number ofHenslow's Sparrows found at 48 point counts over 4 
months during the summer of 1998. 
27 
• 0.1-1.0 HESP 
II 1.1-2.0 EIESP 
~ 2.1-3.0 HESP 
Fig. 6 Average number ofHenslow's Sparrows found at 48 point counts over 4 
tnonths during the summer of 1999. 
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Fig. 7 Average number ofHenslow's Sparrows found at 48 point counts over 4 
months during the summer of 2000. 
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CHAPTER III 
SITE FIDELITY 
Breeding site fidelity in birds is defined as a bird that returns to a previous 
breeding ground the following year. Sex, age, resources (food, nest material and 
potential nesting site locations), mate fidelity, and past reproductive success in an 
area all influence site fidelity (Darley et al. 1977, Weatherhead and Boak 1986, Gavin 
and Bollinger 1988, Payne and Payne 1993, Murphy 1996). Field Sparrows (Spizella 
pusilla) (Best 1977), Saltmarsh Sharp-tailed Sparrow (Ammondramus caudacutus) 
(Diquinzio et al. 2001), and Grasshopper Sparrows (Dixon 1972, Stobo and McLaren 
1975, Crossman 1989, Jones 2000) are three sparrows with relatively high return rates 
to their breeding sites. Best (1977) observed 11 of25 Field Sparrows he banded 
returning to his central Illinois site over two years. A 5-yr study in Rhode Island 
found 37.6% of Saltmarsh Sharp-tailed Sparrow males returned between seasons and 
34.5o/o of females exhibited philopatry (Diquinzio et al. 2001). In Maine 35%> of the 
Grasshopper Sparrows returned between years (Vickery 1996); and in Massachusetts 
adult survival between breedings seasons ranged from 20-77% for six stl:ldy areas 
varying in size (Jones 2000). Natal philopatry also occurs within the Emberizidae; 
Savannah Sparrows located near New Brunswick, Canada exhibited high natal 
philopatry with 11.2% (180/1615) of nestlings returning to their birth place between 
1987 and 1995 (Wheelwright and Mauck 1998). 
There are few data, however, on Henslow's Sparrow's site fidelity. Within-
season recaptures have occurred (Robins 1971a, Plentovich 1999, Burhans 2002); 
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but, few records exsist for banded birds returning to the same site between years. The 
first concrete data on Henslow's Sparrow site fidelity was Skipper's (1998) account 
of five birds returning to his study site in Maryland over a 3-yr period. Hence, one 
goal of this study was to determine ifHenslow's Sparrows exhibit site fidelity at Fort 
Drum and, if so, at what level. 
METHODS 
Mist netting and banding 
Mist netting and banding Henslow's Sparrows provided morphological data 
and helped characterize the species' distribution and abundance. I modified the n1ist 
net poles by welding a spike and a foot press on to the bottom of each pole, so poles 
could be set up without using rebar or tie-backs (T. Dean pers. comm.). In addition, 
each pole was cut in half for carrying ease and the poles were connected in the field 
using a pipe connector (Appendix 1 ). Banding entailed locating a bird which were 
found during point count censuses, observing the bird to find its most common 
perches, positioning the net behind the perch most frequently used by the bird, and 
flushing the bird into the net. If I was unable to flush the bird into the net, a playback 
recorder and speaker were placed at the base of the perch (Zimmerman 1988). Often 
this caused the territorial male to return to the perch, and subsequently I flushed the 
bird into the nets. To insure the bird was captured I often used two nets in a "V" 
position (~1artin 1969). Once captured, birds were banded with a numbered United 
States Fish and Wildlife Service (USFWS) aluminum band, and a unique combination 
of plastic color bands to denote year banded, sex, and individual. Also, I measured 
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the morphological characteristics of each bird in an effort to see if size or age 
influenced return rates ofHenslow's Sparrows (Weatherhead and Boak 1986, Payne 
and Payne 1993 ). Morphological data collected for each bird capture were base on 
MAPS (Institute for Bird Populations 1997) criteria and included: age, sex, condition 
of cloacal protuberance or brood patch, weight, body fat, wing chord, flight feather 
wear, flight feather molt, body molt, metatarsus length, and exposed culmen length 
(Table 1 ). A GPS was used to record banding locations and data collected were 
converted into a GIS coverage. 
In addition, four landscape attributes were collected using ARCVIEW, the 
visual component of GIS, for each banding location in order to see if proxin1ity to 
water, forest, road or the elevation of a site influenced return rates (Winter 1998). In 
ARCVIEW, 1999 ortho-photos and elevation coverage were overlaid with banding 
locations to find the elevation of each banding point and the point's distance to the 
nearest permanent water (Hanson 1994 ), forest edge, and maintained road. 
Statistical analysis 
I compared the morphological characteristics and landscape attributes of 
banding locations for site faithful and non-returning Jienslow's Sparrows. 
Morphological data were averaged for each year and all three years together (1998-
2000) for females, males, juveniles, and adults. Morphological data of birds captured 
more than once within a season or between seasons were averaged. I used Student's 
T-test (Zar 1999) to assess if mass, length of metatarsus, exposed culmen length, and 
wing chord differed between returning and non-returning individuals, and between 
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males and females for each year and overall. I used a Mann-Whitney Test to assess 
variation in the amount of body fat between returning and non-returning birds, and 
between males and females since these were ranked data and not continous as other 
data. Landscape variables were averaged for each year and analyzed using a 
Student's T -test with similar comparisons to morphological data. Data are presented 
as x± SE unless otherwise indicated. 
RESULTS 
A total of 85 Henslow's Sparrows were mist netted and banded over the 3-yr 
study, including 16 juveniles, 13 adult females, and 56 adult males (Table 2, Fig. 1). 
Females weighed significantly more than males (1998-2000, T-stat=-2.133, P=0.02) 
and possessed shorter wings than males (1998-2000, T-stat=1.666, P=<0.01). The 
significant difference in weight between sexes probably was attributed to some of the 
females carrying eggs which added to their body mass. Although there were no 
difference in metatarsus length or amount of fat between males and females, I did 
find the metatarsus was significantly shorter in females based on 1998 data (T-
stat=2.799, P=0.01) (Table 3). Landscape variables did not differ significantly 
between male and female banding locations (Table 4 ). 
Nine birds, including eight adults and one juvenile, returned to the study site 
(Table 5). Site fidelity in 1999 was shown by four males (n=22) and by one female 
(n=6). In 1999, I was only able to recapture four of the five returning birds because 
one male was only seen during a monthly point count survey and could not be 
relocated for banding. In 2000, three males (n=21 ), no females (n=5), and one 
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juvenile (n=5) returned to the study site. No birds banded in 1998 returned during the 
2000 field season. On average, 14.7% of the adult Fort Drum population of 
Henslow's Sparrows (n=69) displayed site fidelity with 16.3%> of banded males 
(n=56) and 9.1% of banded females (n=13). Natal philopatry was recorded only once 
when a juvenile banded in 1999 returned in 2000, establishing natal site fidelity at 6°/o 
(1/16). Interestingly, the juvenile's father, banded in 1999, also returned in 2000. 
The nine individuals exhibiting site fidelity returned to within 3 km of their previous 
year's location. Birds moved an average 1000K362 m between years with 
movements ranging from 57-3000 m (Fig 2, Table 6). Only one bird, a male, 
reestablished the same territory; all other birds moved at least 200 m between years. 
This conflicts with Wiens and Rotenberry (1986) finding that grassland birds return to 
the exact same territory between years. When I compared morphological 
characteristics between site-faithful males and non-returning males I found no 
significant differences (P=<0.05) (Table 7). There were insufficient data to test 
returning females (n=l) against non-returning females. 
Landscape variables for banding locations were not statistically diffen~nt between 
returning and non-returning male Henslow's Sparrows (Table 8). 
DISCUSSION 
Site fidelity was generally lower in Henslow's Sparrows at Fort Drum 
compared to other Emberizidae species, possibly due to the species selection of early 
successional habitats that frequently changes due to human disturbance (Wiens 1969, 
Skipper 1998, Burhans 2002). The sporadic occurrence of the species from year to 
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year was apparent at Fort Drum, with only 14.7o/o of the 85 banded Henslow's 
Sparrows returning during this study. It is possible that more individual did return, 
but went undetected due to the large size of the study area (2340 ha). Returning 
Henslow's Sparrows may be dispersing to nearby old field sites within the Saint 
Lawrence Basin as did the 10% ( 49/483) of Saltmarsh Sharp-tailed Sparrows that 
moved between breeding seasons to another local marsh (Diquinzio et al. 2001 ). 
Henslow's Sparrows possibly change breeding sites in an effort to optimize their 
resources, similar to the Saltmarsh Sharp-tailed Sparrow (Diquinzio et. al 2001 ), Song 
Sparrow (Melospriza melodia) (Weatherland and Boak 1986), and Sage Sparrow 
(Amphispiza belli) (Peterson and Best 1987). Other Emberizidae species, however, 
have higher rate of return. Jones (2000) observed a 20-77% return rate (survivorship) 
of Grasshopper Sparrows across six study sites in Massachusetts. Savannah Sparrows 
also have strong site fidelity (Bedard and Lapointe 1984b ). 
Age also has been suggested as a factor in the philopatry. Payne and Payne 
(1993) found only 50% of first time returning Indigo Buntings (Passerian cyanea) 
inhabited their previous site versus 95% of older males. Conversely, Weatherhead 
and Boak ( 1986) found Song Sparrow site fidelity was not influenced by age. Age 
did not influence return rates ofHenslow's Sparrows at Fort Drum based on wing 
chord length (P=O .26). 
Site-faithful birds have also been found to return to their former nesting site 
after producing a successful brood (I-Iarvey et al. 1979, Shields 1984, Petersen and 
Best 1987). Male passerines generally have much greater site fidelity than females, 
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with increased reproductive success equaling higher site fidelity (Darley et al. 1977, 
Murphy 1998). Perhaps this is because males defend and retain territories year-to-
year which causes females to disperse in order to avoid inbreeding (Greenwood and 
Harvey 1977). My data for Henslow's Sparrows tend to support the observation that 
males return at a higher rate, since only one female returned out of nine individuals 
banded. However, this conclusion is tentative due to the small sample size. 
Interestingly, no apparent correlation could be established between Henslow's 
Sparrow's reproductive success, based on the Vickery et al. (1992) Reproductive 
Index, and site fidelity (see Chapter IV). 
Juvenile site fidelity in Henslow's Sparrows, although low (1 out of 16 banded 
birds) is important because natal return rates may affect recruitment, emigration and 
population growth (Crossman 1989). No other known study has recorded natal site 
fidelity in IIenslow's Sparrows. The most closely related species exhibiting natal site 
fidelity are Grasshopper Sparrows (Crossman 1989, Jones 2000), Savannah Sparrows 
(Dixon 1972, Wheelwright and Mauck 1998), and Saltmarsh Sharp-tailed Sparrows 
(Diquinzio et. al 200 1 ). 
Low site fidelity of the Henslow's Sparrow at Fort Drum Military Reservation 
was potentially influenced by many factors, including habitat quality, age, 
reproductive success, and mate fidelity. Only through further investigation using 
tnultiple sites within the St. Lawrence Basin can the key factors influencing 
Henslow's Sparrow site fidelity be determined. 
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Table 1 MAPS scale used to assess morphological characteristics. 
Cloacal Protuberance 
0 : Cloaca not enlarged 
1 :Small 
2: Medium 
3 :Large 
Brood Patch 
0 : None present, breast feathered 
1 :Feathers dropped, skin smooth and dark red, some vascularization 
2 : Skin vascularized and wrinkled, fluid present 
3 :Vascularization extreme, skin wrinkled, much fluid 
4 :Wrinkle skin, thin and dry, vascularization and fluid mostly gone 
5 : Vascularization, fluid, and wrinkles gone, pinfeathers appearing 
Fat 
0 : No fat anywhere 
1 : Furcular hollow less than 5o/o full 
2 : Furcular hollow 5-33% full 
3 : Furcular hollow about 50% full 
4 : Fulcular hollow full, fat thick in wingpits and on abdomen 
5 : Fat bulging above furcular hollow, in wingpits, and on abdomen 
6 : Fat greatly bulging in all areas 
7 :Excessive; fat nearly joined from all areas 
Body Molt 
0 :None 
1 : Trace, a few feathers anywhere on body 
2 : Light, a number from any individual tract 
3 : Medium, a number from several tracts or most of head 
4 :Heavy, more than half from most tracks, more the 66% of body 
Flight-feather Molt 
N :None 
A : Adventitious, accidental, asymmetric 
S : Full, normal symmetric molt 
J :Growth ofjuvenal (1st generation) flight feathers 
Flight-feather Wear 
0 : None, light feather edges remain 
1 :Very slight edge wear, no fraying or nicks 
2 : Slight, definitely worn but very little fraying, very few nicks 
3 : Moderate, definite fraying and nicks, chips along vanes 
4 :Heavy, feathers worn and frayed, tips missing 
5 :Excessive, extreme wear, shafts exposed beyond vanes, tips broken off 
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Table 2 Yearly and overall averages of morphological characteristics for all adults 
(A), males (B), females (C), and returning birds (D). Characteristics measured include 
fat, body molt (BM), flight feather molt (FFM), flight feather wear (FFW), metatarsus 
length (TARSUS), bill length (BILL), wing chord length (WING), and mass. 
YEAR FAT BM FFM FFW TARSUS BILL WING MASS (g) (0-4) (0-4) (N,A,S,J) (0-5) (mm) (mm) (mm) 
A. 1998 (n=28) 0.57 0.00 N 1.46 14.65 11.52 52.59 13.06 
SE 0.18 0.00 * 0.19 0.26 0.18 0.26 0.17 
1999 (n=22) 0.08 0.15 N 1.38 14.39 11.46 53.15 12.58 
ell SE 0.05 0.12 * 0.18 0.17 0.14 0.31 0.21 .±.:: 
= ~ 2000 (n=19) 0.17 0.00 N 1.52 15.62 11.78 53.22 12.90 SE 0.14 0.00 * 0.14 0.12 0.11 0.35 0.19 
Overall (n=69) 0.29 0.05 N 1.45 14.85 11.58 52.97 12.85 
SE 0.08 0.04 * 0.10 0.13 0.09 0.18 0.11 
B. 1998 (n=22) 0.68 0.00 N 1.32 14.99 11.58 52.73 12.90 
SE 0.22 0.00 * 0.20 0.28 0.22 0.28 0.19 
1999 (n=18) 0.10 0.19 N 1.29 14.26 11.49 53.64 12.32 
ell SE 0.07 0.15 * 0.20 0.18 0.17 0.27 0.22 (!) ca 
~ 2000 (n=16) 0.05 0.00 N 1.60 15.57 11.82 53.55 12.99 
SE 0.05 0.00 * 0.16 0.13 0.11 0.33 0.19 
Overall (n=56) 0.29 0.06 N 1.40 14.93 11.63 53.29 12.74 
SE 0.09 0.05 * 0.11 0.14 0.10 0.17 0.12 
C. 1998 (n=6) 0.17 0.00 N 2.00 13.41 11.30 52.10 13.65 
SE 0.17 0.00 * 0.45 0.25 0.27 0.66 0.36 
ell 1999 (n=4) 0.00 0.00 N 1.80 14.94 11.36 51.10 13.60 (!) SE 0.00 0.00 * 0.37 0.47 0.14 0.64 0.32 ] 
(!) 2000 (n=3) · 1.00 0.00 N 1.00 15.97 11.50 51.00 12.30 
~ SE 1.00 0.00 * 0.00 0.23 0.49 '0.58 0.67 
Overall (n=13) 0.29 0.00 N 1.71 14.50 11.36 51.51 13.34 
SE 0.22 0.00 * 0.24 0.34 0.15 0.38 0.27 
98-99 (n=4) 0.30 0.30 N 1.70 14.86 11.46 52.40 12.60 
D. SE 0.30 0.30 * 0.25 0.57 0.17 0.38 0.37 ell 
El 99-00 (n=4) 0.17 0.00 N 1.83 15.01 11.13 53.58 13.37 
.a ~ SE 0.14 0.00 * 0.14 0.16 0.24 0.19 0.06 
Overall (n=8) 0.25 0.19 N 1.75 14.92 11.33 52.84 12.89 
SE 0.19 0.19 * 0.16 0.35 0.15 0.32 0.26 
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Table 3 Annual averages (±sE) of morphological variables of male and female Henslow' s Sparrows, including results of Student's T-
tests. (*Fat comparison done using Mann-Whitney test because variable was not normally distributed. 
Van-IDle 1998 19S9 2JOO O"i'erall 
Male(n=22} Fenud.e ~n=6} P-Value Male{n=1§2 Fenud.e(n=4} P-Value Male~n=l~ Female {n=3} P-Value Male {n=5~ Female {n=l2) P-Value 
Fa.t (.D-7) 0.68(0.22) 0.17 (0.17) 0.31* 0.01 (0.07) 0.00(0.00) 0.64* 0.05(0.05) 1.00(1.00) 0.11* 0.29(0.09) 0.29(0.22) 0.88"' 
Ta:rs'!JS (:mm) 14.S9 (0.28) 13.41 (0.25) 0.01 14.25 (0.18) 14.94 (.D.47) 0.12 15.57 (0.13) 15 .97 (0 .23) 0.25 14.93 (0.14) 14 . .:D (0.34) 0.10 
Bill(mm) ll .33 (0 .22) 11.:0 (0 .27) 0 . .53 11.49 ("0.17) 11.35 (0.14) 0.73 11.82 (0.11) 11 .:0 (0 .4 9) 0.35 ll .63 (0 .1 0) 11.% (0.15) 0.12 
VJing(mm) 52.73 (0.28) 52.10 (0 .66) 0.33 53 .64 (0 .27) 51.10 (0 .64) 0.00 53.55 (0.33) 51 .00 (0 .58) 0.01 53 .L9 (0 .17) 51.51 (0 .38) c:ODl 
M.ass(g) 12SO (0.19) 13 .65 (0 .36) 0.08 12 .32 (0 .22) 13 .ro co .32) 0.02 12.S9 (0.19) 12 .30 (0 .67) 0.21 12.74 (D.l2) 13 .34 (D .27) 0.02 
Table 4 Annual averages (±SE) of 1 andscape variables of male and female Henslow' s Sparrows, ind uding results of Student's T -tests. 
Variable 
Elevation (m) 
Distance to water (m) 
Dis ta.nce to fo1e;; t (m) 
Dis ta.nce to road ( m) 
1S98 1S99 2000 Owrall 
Male (n=2~L _[em.a.le (n=6) P:_Y_alue Male(J;1=18) Fem..ale(n=4) P-Value Male (n=l6) Female (n=3) P-Value Male (n=56) Female (n=l3) 
170 (1) 169 (1) 0.16 164 (2) 165 (2) 0.90 163 (2) 170 (1) 0.06 167 (1) 167 (1) 
27(3) 25(4) 0.74 39(5) 32(6) 0.53 52(6) 60(27) 0.68 38(3) 35(7) 
104 (12) 
77(8) 
92(14) 
65(7) 
0.6.2 
0.44 
112 (10) 
100 (15) 
145 (13) 
93(15) 
0.15 
0.83 
146 (11) 
72(8) 
176 (48) 
43(8) 
0.:::8 
0.18 
116 (7) 
78(6) 
127 (16) 
65(7) 
Table 5 Adult male (M), female (F), and juvenile (J) recapture rates at Fort Drum, 
New York. 
Total banded Returned from Returned from Percent previously 
birds present 1998 1999 banded 
M F J M F J M F J Adults Juveniles 
1998 22 6 5 
1999 21 5 5 4 0 17.9% 0.0% 
2000 20 3 6 0 0 0 3 0 11.5% 20.0% 
Annual Average(+/- SE) 14.7% (3) 10% (1 0) 
Table 6 Distance individual Henslow's Sparrows moved from their original 
banding location. 
Banded nutnber Years captured M/F Distance moved (m) 
901 1998-1999 M 1183 
905 1998-1999 M 57 
914 1998-1999 M 1212 
918 1998-1999 M 3087 
920 1998-1999 F 202 
938 1999-2000 M 497 
939 1999-2000 M 338 
959 1999-2000 M 183 
960 1999-2000 M 2461 
avg. * * 1024 
SE * * 362 
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Table 7 Annual averages (± 1 SE) of morphological traits for non-returning and 
returning adult Henslow's Sparrows, with results of Student's T -tests. 
1998-1999 1999-2000 
Variable Non-returning Returning P-Value Non-returning Returning P-Value (n=172 (n=4) (n=172 (n=32 
Fat (0-4) 0.01 (0.07) 0.30 (0.30) 0.60 0.05 (0.05) 0.17 (0.14) 0.66 
Tarsus (mm) 14.26 (0.18) 14.86 (0.57) 0.34 15.57 (0.13) 15.01 (0.16) 0.69 
Bill (mm) 11.49 (0.1 7) 11.46 (0.17) 0.52 11.82 (0.11) 11.13 (0.24) 0.91 
Wing(mm) 53.64 (0.27) 52.40 (0.38) 0.42 53.55 (0.33) 53.58 (0.19) 0.80 
Mass(g) 12.32 (0.22) 12.60 (0.37) 0.26 12.99 (0.19) 13.37 (0.06) 0.62 
Table 8 Annual averages (±1 SE) of landscape variables for non-returning and 
returning adult Henslow's Sparrows, with results of Student's T -tests. 
1998-1999 1999-2000 
Variable Non-returning Returning P-Value Non-returning Returning P-Value ~n=172 ~n=42 ~n=172 ~n=32 
Elevation (m) 163 (2) 167 (2) 0.64 538 (5) 514 (2) 0.17 
Distance to water (m) 39 (5) 41 (5) 0.11 172 (20) 125 (7) 0.42 
Distance to forest (m) 112 (10) 115 (24) 0.17 480 (37) 491 (69) 0.82 
Distance to road (m) 100 (15) 108 (26) 0.18 237 (26) 219 (24) 0.35 
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CHAPTER IV 
BREEDING BIOLOGY 
Breeding biology data for the Henslow's Sparrows in the not1heastem United 
States are limited, although several studies of the species' breeding biology have been 
completed in the Midwest (Hyde 1939, Wiens 1969, Robins 1971a, Herkert 1991, 
Winter 1998, Winter 1999). Researchers have found Henslow's Sparrows establish 
territories ranging in size from 0.3-1.0 ha and have a reproductive success rate of 40-
60%, based on Mayfield's method (1975). Yet, these data with the exception of 
Winter's research (1998, 1999) were based on less than 15 nests (Hyde 1939, Wiens 
1969, Robins 1971a, Herkert 1991), exemplify the secretive nature of the "mouse 
with wings" (Audubon, cited in Pruitt 1996). Even though breeding biology and 
productivity data are limited for the Henslow's Sparrow, the information available 
helps assess habitat quality for this declining species (Vickery et al. 1992, Shriver et 
al. 1997). Hence, breeding biology data is required to effectively manage grassland 
habitat for the species. This is important because the Henslow's Sparrow is currently 
listed as threatened in New York due to dwindling suitable habitat (Block and 
Brennan 1993, NYDEC 2000). Therefore, one goal of my study was to detern1ine the 
breeding biology ofHenslow's Sparrows, including nest success and chronology, and 
territory characteristics. 
METIIODS 
Territories 
I labeled a Henslow's Sparrow male territorial if he was present in the same 
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area for three or more visits. The boundaries of individual territories were established 
via two methods. Territories were delineated using Wiens' (1969) consecutive flush 
technique, or by radio telemetry coupled with the computer program CALHOME 
(Baldwin 1994 ). CALHOME takes multiple GPSed locations of a bird and estimates 
territory boundaries for a bird using the adaptive kernal method (Worton 1989, Priede 
and Swift 1992). Once territories were established, territories were visited every 
3-4 d. 
Radio telemetry 
Model BD2A Holohil radio transn1itters were attached during banding to 
healthy adults weighing about 13g using the Rappole and Tipton (1991) backpack 
method (Appendix II). Once transmitters were attached, birds were placed in a 120 x 
90 x 30 em wire mesh cage before they were released to ensure the transmitter did not 
restrain the bird's movement. Birds were tracked every 1-2 d by locating the bird 
from a distance and moving in quickly to the bird's location. Each time a bird was 
flushed, the location where the bird flushed was recorded with a GPS and vegetation 
data were collected (see Chapter V). If I could not locate a radio transmitter signal, 
an intense search occurred throughout the study area. The search was done mostly on 
foot. However, if the bird could still not be located I tried tracking the bird from a 
car, stopping every 0.2 km on the road to search for the bird. 
Individual transmitters lasted about 21 d. Therefore, birds with transmitters 
were recaptured 18-20 d after the transmitter was initially attached. At the end of the 
next 20-d cycle, all birds with transmitters were re-captured and mounted with new 
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transmitters. I made an effort to track five individuals using radio telemetry each 
season; however, training maneuvers and weather, especially in 2000, limited the 
number of days I could monitor radio-tagged birds. 
Reproductive Index 
Reproductive success was estitnated using the Vickery's et al. (1992) 
Reproductive Index (Table 1 ). The index is a conservative measurement of 
reproductive success based on adult behavior, and allows estimation of breeding 
success even if nests are not found. In order to insure data are reflective of 
Henslow's Sparrow breeding success, each territory was visited a minimum of 14 
times to record breeding behavior. 
Nests 
I located nests by intensely observing birds in territories, using radio 
telemetry, and rope dragging. Observation of territories started by watching birds 
from outside territory boundaries. As I got more familiar with the terrain and areas 
frequently used by the territorial pair I moved into the territory and continued to 
watch. Through watching, guesswork, and moving continually closer to -key areas, 
the location of a bird' s nest became more apparent. In addition, some female birds 
were fitted with radio transmitters to aid in the process of finding nests. Once nests 
were located they were checked every 2-3 d, recording the date, time, and presence of 
.eggs, young, and adults at each nest (Martin 1993). 
Statistical analysis 
Territories were plotted using GIS and the size of each territory was 
47 
calculated. Initial analysis tested for variation of territory size between years using 
ANOVA (Zar 1999). I also compared the two techniques for establishing territory 
boundaries, consective flush and radio telemetery plus CALHOME software, using a 
Paired T-test (Zar 1999). The Reproductive Index, based on the number of 
individuals reaching each stage (Table 1), was summarized for each year. I compared 
the relationship between territory size and Reproductive Index (Vickery et al. 1992) 
using regression analysis. Data are presented as x ±SE unless otherwise indicated. 
RESULTS 
All territorial birds arrived at the study site in May, except in 1998 when one 
individual was heard on 26 April. The breeding season for Henslow's Sparrows at 
Fort Drurn was from 20 May to 30 July, and extended until 10 August for one pair 
that produced a second brood. Territories were established by mid-May and fledging 
occurred throughout June into mid-July. Five 1nales (one bird in 1998, two in 1999, 
and two in 2000) shifted their territories at the end of June, possibly because of 
habitat-altering military maneuvers. In 1999, one individual banded earlier in the 
season was recaptured over 1 km from its original banding site in the same year. 
Evidence of double brooding occurred only once, when in late-July 2000 a 2-wk old 
juvenile was captured at the same time as a female and two juveniles banded 4 wk 
earlier. 
A total of 63 Henslow's Sparrows territories were monitored over the 3-yr 
study, based on consecutive flush technique data (Wiens 1969)- 22 territories in 1998, 
21 in 1999 and 20 in 2000 (Fig. 1 ). Although the number of known territories varied 
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little among years, the location ofHenslow's Sparrow territories changed 
substantially (Fig. 1 ). In 1998 most territories were located in the northwestern part 
of the study area, with seven tenitories spread throughout the southern region. In 
1999, most territories were located in the southern and northwestern parts of the study 
area. In 2000, the location of territories was predominately along the western side of 
the 2340 ha study grassland. The average Henslow's Sparrow territory size, using all 
three years of data, was 0.38K0.06 ha (Fig. 2). Territory size did not differ among 
years (F2,63=0.42, P=0.66). 
Radio telemetry data were limited due to production problems and technical 
difficulties. In 1998 and 1999 five birds were equipped with radio telemetry devices. 
However, in 2000 long-term monitoring of five birds was impossible because of rain 
and heavy military use of the study area. Also, in 1999 a short-tailed weasel 
(Mustella erminea) consumed one of the radio-tagged birds. Analysis of data using 
CALHOME produced territorial boundaries larger than consecutive flush data (P= 
<0.01), with average territory sizes of0.33±0.03 ha and 0.30± 0.03 ha, respectively 
(Table 2). 
Analysis of the Reproductive Index data showed generally low reproductive 
success for Henslow's Sparrows, with an average of only 25o/o of pairs successfully 
fledging young based on an average of 14.5±0.6 visits to each territory (Fig. 3). 
Average nesting success varied among years with 27%> of territorial males showing 
evidence of fledging young in 1998, 17% in 1999, and 30% in 2000. All territories 
(n=63) were occupied for at least 4 wk; 66% of territorial males paired with a female; 
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42o/o of the paired Henslow's Sparrows were found building a nest, laying or 
incubating eggs, or giving distraction displays; 30% of pairs were seen carrying food 
for nestlings; and 25o/o of pairs showed evidence of successfully fledging young. In 
2000, one territorial pair successfully fledged two broods (Fig. 3). Regression 
analysis of territory size and reproductive success based on the Reproductive Index 
produced no significant results (r2=0.01, p=0.53). 
I found only two nests during the study, both in 1999. One nest had five, 6-7 
d old nestlings; however, the nest was empty on my second visit. A short-tailed 
weasel seen in the area may have depredated the nest. The other nest contained four 
eggs when it was located using radio telemetry. The eggs were ovate and slightly 
glossy, creamy pale white with auburn ring of spots around the larger end of the egg 
(Fig. 4a). The nestlings were banded when they were 6 d old (Fig. 4b) and fledged at 
12 d old. Nestlings had yellow breast feathers with a downy crown and tail, and the 
primary and secondary feathers were partially unsheathed with black tips. Rusty-
colored feather tips and yellow around the beak distinguished a fledging recaptured 
on day 20 (Fig. 4c ). 
DISCUSSION 
The average size ofHenslow's Sparrow territories at Fort Drum [0.40K0.06 
ha (n=63)] was similar to other accounts in Michigan [0.32 ha (n=36)] (Robins 
197la) and Wisconsin (0.6 ha) (Wiens 1969). However, individual territories at Fort 
Drum, varied in size (0.09 ha to 1.06 ha) and location within the 2340 ha grassland. 
Variations in IIenslow's Sparrows territories can be attributed to many factors. In the 
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Sage Sparrow (Amphispiza belli) shifts in territory locations from year to year were 
directly related to optimizing resources, selecting better quality and more productive 
habitat (Petersen and Best 1987). Similarly, food availability and the number of 
available nest sites influenced Seaside Sparrow (Ammodramus maritimus) territory 
locations (Post 1975). Additional mechanisms controlling territory size and location 
are inter- and intraspecfic competition (Crossman 1989) and age (Bedard and LaPoint 
1984a). At Fort Drum, presence of military vehicles may have also played a role in 
territory location for all grassland birds, including Henslow's Sparrows (see Chapter 
VI). Military maneuvers altered habitat by compressing vegetation and creating bare 
ground. Therefore, heavily impacted areas are unsuitable for many grassland birds 
for at least a year because the birds' required habitat structure is not present. 
Rainfall and standing water may also influence the Henslow's Sparrows' 
spatial distribution and reproductive success. Many studies have shown a relationship 
between annual precipitation and avian nesting biology in arid ecosystems (Marr and 
Raitt 1983, Boag and Grant 1984, Price 1985, Petersen et al. 1986, Rotenberry and 
Wiens 1991 ). Rotenberry and Wiens ( 1991) found higher levels of precipitation 
positively affected reproductive success of the Sage Sparrow and Brewer's Sparrow 
(Spizella breweri). 
Estimation ofHenslow's Sparrow reproductive success at Fort Drum was 
. based on observed behavior because only two nests were located. The Reproductive 
Index (Vickery et al. 1992) potentially underestimated actual I-Ienslow's Sparrow 
reproductive success because of the secretive nature of the species. Most likely 
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reproductive success of the Henslow's Sparrow was higher at Fort Drum than the 
estimated 25o/o. In Maine, Vickery et al. (1994) found that 42% of the known Vesper 
Sparrow nests were successful, while the index produced an estimate of only 34% of 
the nests reaching stage 5 or greater. In addition, overall reproductive success of the 
three sparrow species in their study was estimated at only 27o/o by the index, 
compared to the 42o/o measured by actual nest monitoring. Henslow's Sparrows nest 
success in other studies ranges from 54.5% in Michigan (Robins 1971a) to 57.6% in 
Missouri (Winter 1999) to 40.9% in Oklahoma (cited in Winter 1999) based on 
Mayfield's (1975) method of determining nest success. These data suggest that 
reproductive success ofHenslow's Sparrows at Fort Drum may have been lower than 
other studies. Relatively low fledging rates may be due to depredation by short-tail 
weasels or other small mammals, snakes, and hawks (Hyde 1939, Robins 1971b, 
Winter 1998). However, the 25% rate of nest success for Henslow's Sparrows at Fort 
Drum does fall into the estimated range of 25o/o-50o/o nesting success for grassland-
nesting birds (Wiens 1969, Martin 1995, Greenwood et al. 1995). 
The population ofHenslow's Sparrows in and around Fort Drum ~s the largest 
breeding population in Northeast (Shriver et al. 1997) and a more intense study 
directed solely on reproductive success is required to adequately assess breeding 
productivity and subsequently the availability of quality habitat. 
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Table 1 Vickery et al. (1992a) Reproductive Index used to assess Henslow's 
Sparrow reproductive success at Fort Drum, New York. 
RANK DEFINITION 
Single brood 
1 
2 
3 
4 
5 
Double brood 
1 
2 
3 
4 
5 
6 
7 
Territorial male present 4+ weeks 
Territorial male and female present 4+ 
Pair found nest building, laying or 
incubating eggs or giving distraction display 
Adults carrying food presumed for nestlings 
Evidence of fledging success. For double-
brooded pairs, evidence of fledging success 
in one brood only. 
Evidence of fledging success in either brood, 
plus evidence of nestling success in other 
brood. 
Evidence of fledging success in both broods. 
Table 2 A comparison of territory sizes for ten Henslow's Sparrows mounted 
with radio telemetry devices based on Wiens' (1969) consecutive flush technique 
and radio telemetry data analyzed with CALHOME software. 
Bird Band Number Area (ha) 
Consecutive Flush Radio Telemetry 
905 0.44 0.48 
909 0.23 0.25 
910 0.14 0.17 
915 0.38 0.41 
920 0.38 0.41 
921 0.14 0.17 
942 0.34 0.35 
949 0.31 0.33 
951 0.37 0.38 
average 0.30 0.33 
SE 0.03 0.03 
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Fig. 2 Average Henslow· s Sparrow ten-itory size for each year and overall (1998 n=22. 1999 n=21, 2000 n=20). 
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Fig. 3 Summary of annual and average Reproductive Index levels, including average percentage ofHenslow's Sparrows 
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CHAPTERV 
HABITAT FEATURES ASSOCIATED WITH HENSLOW'S SPARROWS 
Habitat selection by Henslow's Sparrows on their breeding grounds is 
influenced by many factors. The species responds to the structural features of 
grasslands (Swengel 1996) including both vegetation height and density (Cody 1985). 
Other proximate reasons for Henslow's Sparrow habitat selection include the number 
and type of song perches, availability of nest sites (Block and Brennan 1993), and 
grassland size (Herkert 1994a ). 
Henslow's Sparrows have been found to select habitat based on presence of a 
well-developed litter layer (Wiens 1969, Robins 1971b, Rotenberry and Wiens 1980, 
Bollinger 1995, Mazur 1996), tall standing dead residual vegetation (Zimmerman 
1988, Sample 1989, Mazur 1996), tall, dense vegetation (Robins 1971b, Clawson 
1991, Herkert 1991, Herkert 1994b), and low woody stem densities (Sample 1989, 
Stnith 1992, Herkert 1994b, Mazur 1996). In Wisconsin, average cover values for 
Henslow's Sparrow territories were 82% grass cover, 17% forb cover, and 1% bare 
ground (Wiens 1969). Bollinger (1995) and Volkert (1992) determined that 
Henslow's Sparrows prefer fields in later stages of grassland succession. 
Unexpectedly, Henslow's Sparrows show no apparent preference for either native, 
restored, or non-native grasslands (Peterson 1983, Herkert 1994a). Henslow's 
Sparrows prefer large, contiguous grasslands of 50 ha or more (Herkert 1994a,b, 
Bollinger 1995, Mazur 1996, Pruitt 1996). However, Henslow's Sparrows may occur 
in smaller fields (Zimmerman 1988, Smith and Smith 1992, Mazur 1996, Winter 
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1998). Territories are generally void of posts, fences, wires, and trees (Wiens 1969). 
Additional influences on habitat selection by Henslow's Sparrows include presence of 
scattered tall grasses and forbs for song perches (Wiens 1969, Robins 1971b, Herkert 
1994a), few or no competitors (Wiens 1969, Cody 1985), and a panoramic view of 
the horizon (Peterson 1983, Eaton 1988). 
Recently, the Henslow's Sparrow was listed as threatened in the state ofNew 
York because ofhabitat loss (Block al).d Brennan 1993, NYDEC 2000). Some 
research on Henslow's Sparrow habitat selection in the state has been completed in 
the south-central tier (Smith 1992) and eastern (Marzur 1996) portions of the state. 
However, data are lacking for northern New York. 
METHODS 
Study plot locations 
Study plots of7, 9, 12, and 12 ha were used to intensely monitor I-Ienslow's 
Sparrow habitat selection. Plot locations were based on historical presence of 
Henslow's Sparrows and pre-season field observations (Fig. 1). The rectangular plots 
were located in areas that were inclusive of as many historical Henslow's Sparrow 
locations as possible, while still retaining a manageable study plot size. Plots were 
grided into 50 x 50 m quadrats and maintained throughout the field season (Vickery 
et al. 1992). All points where grid lines crossed were recorded using a GPS. Points 
were post-processed using Pathfinder 2.10™ software and converted into a GIS 
(Geographic Information System) coverage using ARCINFO. 
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Habitat assessment 
Henslow's Sparrow habitat was monitored within the four study plots. Five, 
4-m radius plots were randomly located within each of the 50 x 50 m quadrats. 
Vegetation data collected within each of the 4-tn radius plots included average shrub 
height, total nun1ber of woody stems, average litter depth, and average Robel Pole 
number. The Robel pole measures vegetation height and density (Robel et al. 1969, 
Kirsch 1979) (Fig. 2). In addition, I used a metal rod, 1 m long and 4 mm in 
diameter, to assess density and proportion cover of six vegetation classes: grass, grass 
litter, forb, forb litter, shrub, and shrub litter. The number of 'hits' of vegetation 
within each decimeter of the sampling rod was recorded according to vegetation class 
(Rotenberry and Wiens 1980). One rod measurement was randomly taken for each 4-
m radius plot. I collected vegetation data in late May and early June on dry days to 
minimize impact to vegetation. 
Vegetation characteristics ofHenslow's Sparrows' territories were determined 
in two ways. If a territory occupied more than 50% of a quadrat, the quadrat was 
labeled territorial and vegetation data for the quadrat were subsequently labeled 
territorial (Vickery et al. 1999). If a territory fell outside the study plot, vegetation 
data were collected in five randomly selected, 4m-radius plots within the chased-
mapped territory. Vegetation data collected in territories were similar to study plot 
data. 
Four additional habitat attributes were measured for study plot quadrats and 
territories using ARCVIEW. In ARCVIEW, 1999 ortho-photos and elevation 
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coverage were overlaid with study plot and territory coverages to find the elevation 
(ELEV), and distances to the nearest permanent water (DW) (Hanson 1994), forest 
edge (DF), and maintained road (DR) for each study plot quadrat and territory. 
Landscape data were measured from the center of each polygon. 
Statistical analysis 
Statistical analysis of the relationship between Henslow's Sparrow presence 
and habitat variables was done separately for study plots and territories. For both of 
these categories, data were compared within and among years; also, data sets for all 3 
years were averaged together and analyzed. However, data sets for study plots were 
analyzed within plots only because of spatial and temporal variations (Block and 
Brennan 1993). A total of25 variables were used to analyze Henslow's Sparrow's 
habitat (Table 1 ). All variables were transformed to z-scores in order to meet 
requirements of normality (Zar 1999). 
Average study plot vegetation data for each quadrat were coupled with 
Reproduction Index (RI) (Chapter IV), military impact (MI -1) (Chapter VI), and 
landscape variables (DW, DF, DR, and ELEV- distance to water, forest ·edge, road, 
and elevation), and the number of daily visitations per quadrat (V) for data analyses. 
Visitation rates were included because the total visitation rate per season has been 
directly related to the number of individual birds found in an area. A total of25 
variables were analyzed using presence or absence of a Henslow's Sparrow territory 
as the dependent variable (Table 1 ). Five aspects of woody vegetation were 
characterized: the number of woody stems per 4m-radius plot (NOWS), average 
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height of woody stems (AHWS), proportion of live shrubs (PSC) and dead shrubs 
(PSLC) contacting the 1m-rod, and the total number of shrubs touching the 1m rod 
(TSC). Vegetation cover variables included: proportion of grass (PGC), proportion of 
grass litter (PGLC), proportion of forb (PFC), proportion of litter (PFLC), proportion 
of live vegetation (PLC), and proportion of dead vegetation (PDC), along with total 
number of grass (TGC) and forb (TFC) contacts along the meter rod. Litter depth 
(LD), Robel Pole score (RP), and mean maximum height of vegetation (MMH), 
number of hits in the first decimeter (FD), and mean number of contacts ~ 30 em 
(L30) and< 30 em (G30) described the vertical herbaceous structure of study plots. 
The Student's T-test was employed to see if any variables differed 
significantly between territorial and non-territorial quadrats in each study plot 
(Hanson 1994, Herkert 1999). To limit the comparison of similar variables, a 
correlation matrix was completed for each plot and each year analyzed to reduce 
replication of information. Only variables that were not highly correlated with other 
variables were used for analysis (r <0.10). Comparison using Student's T-test of 
individual variables was completed for plots with at least five territorial quadrats. 
Because occurrence ofHenslow's Sparrows within study plots fluctuated greatly 
among years, no further analyses could be completed. 
The temporal influence of territory characteristics were also investigated by 
. completing an ANOV A test for among-year differences in the data. Habitat 
characteristics were analyzed to see if key variables were constantly selected for by 
Henslow's Sparrows through time or varied from year to year. All results are 
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presented in x ± SE unless otherwise stated. 
RESULTS 
Study Plots: comparison of habitat within and outside territories 
The dominant cover in all plots fluctuated between grass and grass litter, 
depending upon the year (Fig. 3 ). In general, percent grass and forb litter cover 
increased over the 3-year study, grass litter decreased, the amount of forbs varied 
between plots and years, and the amount of shrubs, if present, remained relatively 
constant (:::; 1% ). 
Habitat variables a~sociated with Henslow's Sparrow locations in study plots 
were first assessed by comparing individual variables in territory and non-tetritory 
quadrats using a Student's T-test. A total of six analyses were completed- 13a-north 
1998 and 1999, 13a-south 1998, 12c-north 1998 and 2000, and 12c-south 2000. 
Territorial quadrats in 13a-north during 1998 were significantly closer to the forest 
edge (P=<O.Ol) and roads (P=<0.01), and possessed a deeper litter layer (P=<0.01) 
with fewer shrubs (P=0.02) than non-territorial quadrats (Table 2). In 1999, territorial 
quadrats in the same study plot were closer to water (P=<0.01) and roads (J>=<0.01) 
and at a lower elevation (P=<0.01) with more dense vegetation [number of contacts in 
the first decimeter (P=0.03), and total number of contacts (P=0.03)] (Table 3). Study 
plot 13a-south quadrats with I-Ienslow's Sparrows in 1998 differed from non-
territorial quadrats because they had lower military impact (P=<O.O 1 ), were located at 
lo\ver elevations (P=<O .0 1) and closer to the roads (P=O .0 1 ), and possessed more 
dense vegetation (Robel Polenumber, P=<0.01) that contained less dead cover 
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(P=<0.01), and therefore more live cover (P=0.03) (Table 4). In 1998 quadrats in 
study plot 12c-north with Henslow's Sparrows possessed more dense vegetation 
[Robel Pole (P=0.01), total number of contacts (P=<0.01), and number of contacts in 
the first decimeter (P=O.Ol)] and was primary composed of grass [total number of 
grass contacts (P=<O.Ol)] (Table 5). In 2000, territorial quadrats in 12c-north were 
characterized by higher military impact (P=<0.01), a more dense litter layer (P=0.01), 
and were located farther from water (P=<O.O 1) and closer to roads (P=<O.O 1) (Table 
6). Territorial quadrats in 12c-south during 2000 revealed 1-Ienslow's Sparrow 
inhabited quadrats at lower elevations (P=<O.Ol), farther from water (P=<O.Ol) and 
the road (P=<0.01), closer to the forest edge (P=<O.Ol), and with more dense 
vegetation (P=0.02) than non-territorial quadrats (Table 7). In summary, Henslow's 
Sparrows were frequently associated with dense vegetation (high values for Robel 
Pole, litter depth, and total number of contacts on a 1m-rod), grass, and low 
elevations that were located near roads. 
Territory habitat characteristics 
Territory characteristics based on vegetation and landscape variables varied 
throughout the three-year investigation. Percent coverage of grass (PG) increased 
between 1998-2000 from 32% to 45% while grass litter (PGL) decreased from 51 o/o 
to 33o/o (Fig. 4). Forb (PF) cover varied between 13°/o-21 o/o; however, the amount of 
forb litter (PFL) remained relatively constant between years (1-2%). Shrub coverage 
(PS and PSL) was only recorded during the 1999 field season and represented 7% of 
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the ground cover. Average percent cover for all63 territories was: 37% grass, 43% 
grass litter, 17% forb, 1% forb litter, and $.; 1% shrubs. 
I found significant variation in territory habitat variables between years, based 
on single-factor ANOV As (Table 8). All landscape variables (elevation and distance 
to forest edge, water, and the road, P=<0.001) along with shrub (P=O.Ol7), forbs 
(P=0.033), and live vegetation (P=0.019) densities, mean maximum height of 
vegetation (P=<0.001), litter depth (P=0.027), and military impact (P=<0.001) varied 
throughout the 3-yr study. Interestingly, though, key variables did not vary much 
throughout the study period. Henslow's Sparrows territories usually were associated 
with dense vegetation that contained a high amount of live grass, dense litter layer, 
and few or no shrubs. 
DISCUSSION 
Habitat selection by Henslow's Sparrows at Fort Drum was similar to other 
studies (Herkert 1992, Mazur 1996, Winter 1998, Bolsinger et al. 2000, Burhans 
2002). I found the species was commonly associated with dense, grassy vegetation 
and a thick litter layer in areas that contained a few shrubs. Territorial quadrats 
contained a higher proportion of grass, forb and dead cover, a thicker litter layer, and 
more dense vegetation (total number of contacts) than non-territorial quadrats. The 
number and height of woody stems were found to be lower in quadrats inhabitated by 
Henslow's Sparrows, than those quadrats that were not. The Environmental Divison 
Grassland Bird Study at Fort Drum from 1995-1998 had similar findings to my study 
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(Bolsinger et al. 2000). In addition, Henslow's Sparrow territories were relatively 
found far away from edge habitats, and at lower elevations than non-territorial sites. 
Two landscape variables (elevation and distance to road) appeared to 
influence habitat selection in some plots. Potentially, this is because topography acts 
as a relatively long-term template that mediates the distribution of temperature, 
moisture, and soil formation, which in tum affects vegetation growth (Liverman 
1986). Perhaps this is why Rotenberry and Knick (1999) were able to use landscape 
features, along with microhabitat variables, to predict the occupancy and abundance 
of Sage Sparrows and other shrub land species at point counts. At the landscape level, 
Winter (1998) found percent composition of grassland and forested lands surrounding 
points counts to influence Henslow's Sparrows' habitat selection; similarly, the 
Environmental Divison Grassland Bird Study at Fort Drum found distance to the 
nearest woodland a factor in habitat selection (Bolsinger et al. 2000). However, 
relatively little is known about the role landscape variables play in influencing 
grassland bird habitat selection (Winter 1998). 
Water is potentially the most influential landscape variable for Henslow's 
Sparrows (Knopf 1994) and perhaps this is why I found Henslow's Sparrows 
associated with lower evelvations. The species historically inhabited the upper edges 
of coastal wetlands, shallow beaver lakes, and rivers along the East Coast until this 
habitat declined and became highly fragmented (Forbush 1929, Hyde 1939). In 
Ontario, some of the best Henslow's Sparrows habitat is associated with low areas 
that are seasonally flooded during the spring (Austen 1994). Perhaps this is because 
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water defines both the growth rate of grass seeds (Cody 1985) and density of insects 
(Cody 1981). The location of water within a grassland thus might be used to predict 
the location of Henslow's Sparrows by combining monthly rainfall values and GIS 
technology (Cady pers. comm.). 
The annual variation in vegetation at Fort Drum was potentially influenced by 
multiple factors. The summer temperature and rainfall levels fluctuated greatly from 
a moderate year (1998) to a drought year (1999) to a very wet year (2000) (Table 13). 
The intensity and location of military manuvers varied each year, with frequently 
high impact in both 12c-north and south and varying impact in study plots 13a-north 
and 13a-south (see Chapter VI). Wiens (1969) noted timing of habitat measurements 
may also cause variation in data. However, because I collected vegetation data at 
approximately the same time each year, most likely the year-to-year variation in 
habitat characteristics associated with Henslow's Sparrow was a reflection of the 
distribution of available resources, both biotic and abiotic (Block and Brennan 1993). 
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Table 1 Summary of variables used to analyze Henslow's Sparrow's habitat relationships. 
Habitat Variables Units Level of analysis 
Stud}: Plots Territories 
Woody Vegetation-
NOWS- number of woody stems #/.005ha X X 
AHWS- average height of woody stems em X X 
PSC- proportion shrub contacts % X X 
PSLC- proportion shrub litter contacts % X X 
TSC- total number of shrub contacts #/vertical 1m X X 
Herbaceous Vegetation-
Percent Coverage: 
PGC- proportion of grass contacts % X X 
PGLC- proportion of grass litter contacts % X X 
PFC- proportion of forb contacts % X X 
PFLC- proportion of forb litter contacts % X X 
PLC- proportion of live contacts % X X 
PDC- proportion of dead contacts % X X 
TGC- total number of grass contacts #/vertical 1m X X 
TFC- total number of forb contacts #/vertical 1m X X 
Vertical Strncture: 
LD- litter depth em X X 
RP- Robel pole #*10cm X X 
MMH- mean maximum height #/vertical 1m X X 
FD- number of hits in the first decimeter #/vertical 1m X X 
L30- mean number of contacts <30cm #/vertical 1m X X 
G30- mean number of contacts >30cm #/vertical 1 m X X 
Landscape-
DW- distance to water m X X 
DF- distance to forest edge m X X 
DR- distance to road m X X 
ELEV- elevation m X· X 
Military impact-
MI -1 proportion of occurrences per quadrat % X 
MI-2 proportion of occurrences per vegetation plot % X* X* 
*Only for 2000 data 
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Table 2 Results of Student's T -test comparing quadrats occupied by Henslow's 
Sparrows and non-territorial quadrats for study plot 13a-north, 1998. 
Variable Nonterrito!I avs:. (n=322 Tenito~ avs:. ~n=16) P-value 
averas:e SE averas:e SE 
Military impact-1 (% qauds impacted) 0.51 0.01 0.49 0.01 0.10 
Visitation to quadrats per season 14.80 0.24 15.48 0.45 0.07 
Elevation (m) 169 0 169 0 0.12 
Distance to water (m) 89 2 95 4 0.07 
Distance to forest edge (m) 114 2 102 2 <0.01 
Distance to road (m) 87 3 75 <0.01 
Robel Pole Number 2.24 0.09 2.09 0.08 0.15 
Litter Depth (em) 3.08 0.11 3.73 0.15 <0.01 
Number of woody stems 17.15 2.50 9.23 1.97 0.02 
Average height of woody stems (em) 0.48 0.05 0.41 0.06 0.20 
Total grass count 9.45 0.33 9.20 0.51 0.34 
Total forb count 1.72 0.16 1.72 0.22 0.50 
Proportion live cover 0.45 0.02 0.48 0.03 0.18 
Proportion dead cover 0.54 0.02 0.49 0.03 0.06 
Number of hits in the first decimeter 5.57 0.20 4.91 0.25 0.02 
Total number of contacts 11.23 0.36 10.92 0.51 0.31 
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Table 3 Results of Student's T -test comparing quadrats occupied by Henslow's 
Sparrows and non-territorial quadrats for study plot 13a-north, 1999. 
Variable 
Nonterrito!! avs. ~n=40) Territo!! avs. ~n=82 P-value 
average SE average SE 
Military impact-1 (% qauds impacted) 0.25 0.01 0.30 0.02 0.07 
Visitation to quadrats per season 22.44 0.43 20.86 1.16 0.08 
Elevation (m) 170 0 165 0 <0.01 
Distance to water (m) 95 2 69 2 <0.01 
Distance to forest edge (m) 110 2 113 3 0.24 
Distance to road (m) 87 2 58 4 <0.01 
Robel Pole Number 1.73 0.10 1.51 0.11 0.20 
Litter Depth (em) 1.92 0.11 1.44 0.20 0.05 
Number of woody stems 10.88 1.79 9.94 3.30 0.42 
Average height of woody stems (em) 0.36 0.03 0.24 0.05 0.09 
Total grass count 6.30 0.27 7.34 0.70 0.07 
Total foro count 1.27 0.11 1.80 0.40 0.05 
Proportion live cover 0.56 0.02 0.60 0.03 0.20 
Proportion dead cover 0.39 0.02 0.40 0.03 0.36 
Number of hits in the first decimeter 5.83 0.21 6.89 0.54 0.03 
Total number of contacts 7.62 0.31 9.17 0.72 0.03 
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Table 4 Results of Student's T -test comparing quadrats occupied by Henslow's 
Sparrows and non-territorial quadrats for study plot 13a-south, 1998. 
Variable Nonterritory avg. (n=23) Territo!I avg. (n=5) P-value 
average SE averase SE 
Military impact- I (% qauds impacted) 0.36 0.01 0.28 0.01 <0.01 
Visitation to quadrats per season 12.60 0.11 12.33 0.10 0.21 
Elevation (m) 174 0 170 0 <0.01 
Distance to water (m) 44 1 51 0.10 
Distance to forest edge (m) 86 2 76 2 0.07 
Distance to road ( m) 67 2 52 2 <0.01 
Robel Pole Number 1.65 0.07 2.37 0.38 <0.01 
Litter Depth (em) 2.54 0.11 2.67 0.27 0.70 
Number of woody stems 33.82 2.52 29.93 6.91 0.63 
Average height of woody stems (em) 0.59 0.03 0.52 0.09 0.53 
Total grass count 6.66 0.31 6.80 0.77 0.89 
Total forb count 1.34 0.18 1.60 0.33 0.64 
Proportion live cover 0.41 0.02 0.56 0.05 0.03 
Proportion dead cover 0.59 0.02 0.38 0.04 <0.01 
Number of hits in the first decimeter 4.62 0.19 4.60 0.42 0.48 
Total number of contacts 8.09 0.33 8.40 0.77 0.38 
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Table 5 Results of Student's T -test comparing quadrats occupied by Henslow's 
Sparrows and non-territorial quadrats for study plot 12c-north, 1998. 
Variable 
Nonterritory avg. (n=31) Territory avg. (n=5) 
P-value 
avera~e SE avera~e SE 
Military impact-1 (% qauds impacted) 0.15 0.01 0.08 0.00 0.03 
Visitation to quadrats per season 12.26 0.05 12.00 0.00 0.20 
Elevation (m) 167 0 167 0 0.29 
Distance to water (m) 50 64 0 0.04 
Distance to forest edge (m) 102 2 98 0 0.36 
Distance to road (m) 63 1 67 0 0.33 
Robel Pole Number 1.36 0.06 2.23 0.29 0.01 
Litter Depth (em) 1.83 0.09 2.55 0.50 0.08 
Number of woody stems 7.93 1.40 3.80 2.01 0.31 
Average height of woody stems (ern) 0.20 0.03 0.18 0.08 0.46 
Total grass count 6.26 0.33 13.40 3.49 <0.01 
Total forb count 1.49 0.16 1.80 0.73 0.37 
Proportion live cover 0.48 0.02 0.44 0.11 0.36 
Proportion dead cover 0.46 0.02 0.56 0.11 0.21 
Number of hits in the first decimeter 4~26 0.18 7.20 2.03 0.00 
Total number of contacts 7.80 0.34 15.20 2.84 <0.01 
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Table 6 Results of Student's T -test comparing quadrats occupied by Henslow's 
Sparrows and non-territorial quadrats for study plot 12c-north, 2000. 
Variable 
Nonterritory avg. (n=28) Territory avg. (n=8) 
P-value 
average SE average SE 
Military impact-! (% qauds impacted) 0.23 0.01 0.30 0.01 <0.01 
Visitation to quadrats per season 12.89 0.12 14.75 0.19 <0.01 
Elevation (m) 167 0 167 0 0.15 
Distance to water ( m) 47 65 1 <0.01 
Distance to forest edge (m) 101 3 105 2 0.22 
Distance to road (m) 67 1 51 2 <0.01 
Robel Pole Number 3.59 0.11 3.17 0.17 0.03 
Litter Depth (em) 1.05 0.06 1.36 0.14 0.01 
Number of woody stems 7.01 1.50 4.63 2.25 0.22 
Average height of woody stems (em) 0.17 0.03 0.14 0.05 0.28 
Total grass count 8.56 0.50 7.00 0.66 0.06 
Total forb count 2.58 0.22 2.45 0.50 0.39 
Proportion live cover 0.64 0.02 0.64 0.04 0.48 
Proportion dead cover 0.30 0.02 0.33 0.04 0.22 
Number of hits in the first decimeter 3.76 0.17 3.78 0.26 0.49 
Total number of contacts 11.23 0.55 9.45 0.93 0.06 
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Table 7 Results of Student's T -test comparing quadrats occupied by Henslow's 
Sparrows and non-territorial quadrats for study plot 12c-south, 2000. 
Variable Nonterritory avg. (n=43) Territory avg. (n=5) P-va1ue 
averas;e SE averas;e SE 
Military impact-1 (% qauds impacted) 0.35 0.00 0.38 0.02 0.08 
Visitation to quadrats per season 12.48 0.07 13.75 0.19 <0.01 
Elevation (m) 170 0 165 0 <0.01 
Distance to water (m) 109 1 125 <0.01 
Distance to forest edge (m) 129 2 80 2 <0.01 
Distance to road (m) 105 126 2 <0.01 
Robel Pole Number 2.58 0.09 3.37 0.50 <0.01 
Litter Depth (em) 0.87 0.04 0.89 0.10 0.45 
Number of woody stems 17.59 1.70 24.10 10.13 0.15 
Average height of woody stems (em) 0.43 0.02 0.41 0.08 0.44 
Total grass count 6.29 0.31 6.60 1.29 0.39 
Total fotb count 1.60 0.13 1.85 0.49 0.30 
Proportion live cover 0.54 0.02 0.50 0.09 0.30 
Proportion dead cover 0.43 0.02 0.45 0.09 0.39 
Number of hits in the first decimeter 3.84 0.12 3.15 0.33 0.05 
Total number of contacts 7.98 0.35 8.90 1.44 0.23 
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Table 8 Henlsow' s Sparrow territory habitat characteristics for each year and overall (1998-2000), including ±SE, along 
VY'ith results of single-factor ANOVA tests comparing among-year differences for each variable. (**Indicates not enough 
data were available to complete the analysis since only 3 of the 20 territories were found within study plots where military 
impact and visitation data were collected. 
Variable 1998 (n=22) l999(n=21) 2000 ( n= 20) 98-00 F p 
Military imp act 1 0.43 (0.02) 0.13 (0 .03) ** 0.36 (0.01) 20.87 <0.001 
Visitation 14.6.5 (0.38) 10.71 (2..58) ** 13.79 (0..52) 2.62 0.111 
Elevation (m) 169 (1) 168 (1) 163 (1) 167 (1) 8.39 <0.001 
Distance to water (m) 91 (3) 79 (6) 64 (.5) 80 (3) 12.41 <0.001 
Distance to forest. edge (m) 9.5 (2) 148 (6) 13.5 (.5) 116 (2) 28.38 <0.001 
Distance to road (m) 71 (1) 100 (8) 8.5 (4) 80 (2) 9.17 <0.001 
Robel Pole num be:r 2.16 (0.08) 2.70 (0.23) 4.91 (0.11) 3.22 (0.11) 68.7 <0.001 
Litter depth (em) 3.35 (0.16) 2.42 (0.21) 3.13 (0 .19) 3.14(0.11) 3.77 0.027 
Number of woody stems 8.93 (1.94) 15.92 (3 .46) 8.54 (1.82) 9.77 (1.27) 1.68 0.193 
......:) Average height of woody stems 0 28 (0 .0.5) 0.50 (0.08) 0.32 (0.04) 0.33 (0 .03) 0.9.5 0.392 
v.. 
C ontacts < 3 0 c:m 10.30 (0 .46) 1 0 .1 .5 (0 .9 .5) 14.07 (0.69) 11.69 (0 .38) 1.8 0.178 
Contacts> 30 em 0.84 (0.1.5) 2.80 (0..59) . 6..59 (0.62) 3.18 (0.31) 3.07 0.0.57 
Total :n:um ber of shrub contacts 0.01 (0 .01) 0.80 (0.29) 0.07 (0.04) 0.12 (0 .04) 4..53 0.017 
Total :n:um ber of grass contacts 9 .3 .5 (0 .46) 1 0 . .50 (1.42) 16.37 (1 .07) 12.08 (0..54) 0 . .5.5 0 . .584 
Total :n:um ber of forb contacts 1.85 (0 .2.5) 1.7.5 (0.34) 4.30 (0 .45) 2.75 (0.23) 3.69 0.033 
Proportion of 1i ve contacts 0.46 (0.02) 0..53 (0..53) 0.66 (0.02) 0..54 (0.02) 4.36 0.019 
Proportion of dead contacts 0..52 (0.02) 0.47 (0.03) 0.34 (0.02) 0 .4.5 (0 .02) 2.56 0.088 
Numb e:r of contacts in the fir st. de cim ete:r 5.27 (0.27) 4.9.5 (0.43) .5..59 (0 .24) 5.36 (0 .17) 0.91 0.411 
Meanmaximum height(cm) 32.50 (1.00) 52.00 (3 .90) 56.48 (1 .90) 43.46 (1 .30) 9.17 <0.001 
Total :n:um ber of c o.ntacts 11.14 (0 .49) 12.9 .5 (1.40) 20.66 (1 .09) 14.87 (0 .59) 1.37 0.265 
Table 9 Summer precipitation (em) (A) and temperature (C 0 ) (B) values for the 
Watertown Airport, located 22km south of the study area (Cornell University 2002). 
A. Month 1998 1999 2000 
May 4.7 3.3 10.1 
June 10.6 7.7 8.1 
July 3.8 10.4 9.1 
August 10.5 3.3 8.5 
Total May-August 29.5 24.8 35.8 
B. Month 1998 1999 2000 
May 15.6 14.2 13.4 
June 18.2 19.5 16.3 
July 20.1 21.7 17.9 
August 20.1 18.6 18.3 
Average May-August 18.5 18.5 16.5 
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CHAPTER VI: 
INFLUENCE OF MILITARY TRACKED VEHICLES ON 
HENSLOW'S SPARROWS 
Both federal and internal regulations mandate that the U.S. Army manage for 
wildlife habitat and federally protected species (ESA 1973, Army Reg. 200-3 1995). 
In compliance with the Endangered Species Act (ESA) (1973), the Army is 
proactively managing for listed and candidate species. Army Regulation 200-3 
(1995) requires Army bases to develop of Endangered Species Management Plans 
(ESMPs) for threatened and endangered species occurring on their installation. 
Installations are also encouraged to develop ESMPs for candidate species and are 
required to record the distribution of candidate species on the installation. 
In 1987 and 1995 the US Fish and Wildlife Service (1995) listed the 
Henslow's Sparrow as migratory non-game species of management concern. In 
2000, the New York State Department of Environmental Management (2000) 
classified the species as threatened in the state. The focus of this study was to 
investigate the effects of military maneuvers on Henslow's Sparrow in accordance 
with Army Regulation 200-3. Similar studies have been completed at Fort Riley 
(Michaels 1997), Godman Air Field at Fort Knox (Pruitt 1996), Fort Campbell (E.D. 
Moss pers. com.), and Jefferson Proving Grounds (Pruitt 1996) (Table 1). 
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METHODS 
Assessment of military impact 
Military impact was assessed weekly for each 50m x 50m quadrat in the four 
study plots by walking along the east-west grid lines of the plots and recording any 
fresh vehicle tracks or the presence of Army personnel. Fresh tracks were defined as 
any new vehicle track created within the past week of training. Each quadrat received 
a weekly score: 0 for no military presence or 1 for military presence. At the end of 
the field season scores were added to create an overall score of military impact for 
each quadrat ranging from 0-12. Weekly military impact was monitored by the same 
person for each quadrat, either field technician or myself, to reduce variation in 
collection of data. 
In 2000, it became apparent that data on military impact were lacking for 
locations outside my study plots, including point counts and several territories, so an 
additional method of quantifying military impact was developed. Collection of 
military impact in 2000 (MI-2) was completed for all 4-m radius vegetation plots by 
using the sighting end of the Robel Pole (see Chapter VI). Each time I read the Robel 
Pole value, I also recorded whether or not the sight rod landed within a military track 
(Fig. 1). For each vegetation plot military impact ranged from 0 (no military tracks) 
to 4. Data were collected once in late May on days with no precipitation. 
Statistical Analysis 
The amount of weekly military impact per quadrat (MI -1) was summarized 
for each plot and each year and converted to a percentage of impact per quadrat. For 
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statistical analysis all variables were converted to z-scores. Initially, impact levels 
were analyzed for variation among years and plots using ANOV A. Regression 
analysis was used to statistically analyze the influence of military impact on 
vegetation variables, number of woody stems (NOWS ), average height of woody 
stems (AHWS ), and total shrub (TSC) and forb (TFC) coverage (Michaels 1997). 
Also, I used a Student's T -test to compare military impact scores of quadrats with and 
without banded birds (BB), with and without territories (50%TERR), and 
Reproductive Index values (RI) less than 3 and equal to or greater than 3 for each 
study plot and each year of my study(Zar 1999). 
For the 2000 field season, values for military irnpact per quadrat (MI-l) or 
territory (MI-2) were averaged and converted into separate percentages. The 
relationship between the percent of impact (MI-2) in the four vegetation plots within 
each 100-m radius census plot were compared to the average number ofHenslow's 
Sparrows heard at each point count using regression analysis (Zar 1999). Data are 
presented in x ± SE unless otherwiSe indiciated. 
RESULTS 
Percent of quadrats impacted by military maneuvers (MI-l) within the four 
study plots varied throughout my 3 yr study (Table 2). Annual impact ranged from 
0(0 )% to a high of 31.7 ( 13.1 )% (percentage of quadrats in a study plot impacted by 
military vehicles). Military traffic was greatest overall in study plot 12c-south 
[26.6(5.8)%], mostly likely due to the fact this area was heavily used for tank 
training. Conversely, study plot 13a-south received the least amount of impact 
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[8.9(2.5)o/o ]. The greatest range of military impact among study plots occurred in 
2000. Average percent of all quadrats impacted weekly in 13a-south was 0(0)% 
while 31.7(13.1)% of 12c-south was impacted. For the 1998 and 2000 field seasons, 
military impact was highest at the beginning and end of the season, with a lull in July 
(Fig. 2). However, in 1999 military activity based on vehicle tracks remained 
relatively constant throughout season (Fig. 2). 
Summer impact levels did not vary among years for three of the four study 
plots: 13a-north (F2,38=0.24, P=0.79), 12c-north (F2, 38=0.34, P=0.71), and 12c-south 
(F2,38=0.37, P=0.69) (Fig. 3). In study plot 13a-south, though, there was a significant 
variation among years (F2, 38=4.59, P=0.02). This variation was due to the lack of 
impact during the 2000 field season [average percent of quadrats impacted was 0% 
(0), compared to 10o/o (3.9) in 1998 and 15.7o/o (5.7) in 1999]. There was no 
significant difference in military impact between study plots within years based on 
ANOVA [1998 (F3,47=0.91, P=0.45), 1999 (F3,47=0.56, P=0.64), 2000 (F3,47=2.36, 
P=0.08)]. 
Regression analysis suggests that military maneuvers had mixed effects on the 
vegetation structure (NOWS, A WSH, TSC, TFC) in study plots. Military impact was 
positively related to the number of woody stems in study plot 13a-north in 1998 
(P=0.004) and 2000 (P=0.006). Conversely, there was significant negative 
correlation between military impact and the amount of shrubs in study plot 12c-south 
during 2000 (P=0.020) (Table 3). The average height of shrubs was positively 
associated with military impact in 12c-south during 1998 (P=0.053) (Table 4). The 
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effects of military impact on the total number of shrubs produced mixed results with a 
significant increase in shrubs being correlated to heightened military impact in 13a-
north during 1998 (P=0.004), and shrubs decreasing in number in 2000 within the 
same study plot (P=0.002) (Table 5). Also, higher levels of military impact were 
associated with a significant increase the number offorbs in 13a-south, 1999 
(P=0.007) (Table 6). 
Regression analysis of the effects of military impact on the following year's 
vegetation showed an increase in forb numbers were correlated with higher amounts 
of military impact in three of the seven regression analyses [(13a-north 1999-2000 
(P=0.006), 12c-north 1998-1999 (P=0.035), and 12c-north 1999-2000 (P=0.002)] 
' (Table 7). In addition, the average height of woody stems decrease when military 
impact was higher the previous year (12c-south1998-1999 P=0.036) (Table 8). The 
effects of the previous year's military impact on the number of woody stems and total 
shrub count produced mixed results (Table 9 and 10). The number of woody stems 
(NOWS) and total shrub count (TSC) were positively correlated to military impact in 
3 of 14 regression analyses, but negatively associated in 2 of 14 analyses. 
The influence of military maneuvers on the presence (BB), territory location 
(50%terr), and reproductive success (RI) ofHenslow's Sparrow within study plots 
was minimal (Table 11 ). Analyses showed military impact significantly affected the 
presence ofHenslow's Sparrows territories in study plots; however, the results were 
mixed. In 13a-south in 1998 territories were associated with quadrats that received 
less impact (P=0.0.3), whereas in 12c-north 2000 territories were related to quadrats 
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with higher levels of impact (P=0.04). In addition, there was no association between 
the number ofHenslow's Sparrows heard at point counts for 10 min and military 
impact (MI-2) in 2000 (r2=<0.01, P=0.91). 
DISCUSSION 
Disturbance is a part of every ecosystem; however the source, magnitude, and 
frequency of disturbance differs among them. Military training can directly impact 
soil and vegetation quality of grasslands, along with animals' food supply, shelter, 
living space, behavior, reproduction, and distribution (Severinghaus et al. 1980, Cole 
and Landres 1992, Gutzwiller 1992). Maneuvers impact soils by reducing the surface 
organic horizon, porosity, and infiltration rates (Cole and Landres 1992, Seashedt 
1995, U.S. Department of Interior 1995). Plant germination, establishment rates, 
growth and reproduction are also affected by training (Cole and Landres 1992). In 
addition, Shaw and Diersing ( 1990) found the number of forbs increased directly with 
military impact, as did I. Woody stem plants are lower in density, shorter, and have 
smaller diameter in impacted areas (U.S. Department of Interior 1995, Gutzwiller and 
Hayden 1997, Rohrbaugh et al. 1999, Bolsinger et al. 2000). All these impacts 
produce cascading effects on the avian trophic structure and community composition 
(Gutzwiller and Hayden 1997). 
The location ofHenslow's Sparrows at Fort Drum may be influenced by 
. vehicular disturbance, although this could not be statistically shown. I recaptured a 
banded Henslow's Sparrow over a 1 km from its original banding site after heavy 
military impact altered the bird's territory. Hanson (1994) noted that a Henslow's 
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Sparrow shifted territorial boundaries in a single night after vehicle disturbance. The 
population ofHenslow's Sparrows at Fort Drum appeared to shift centers of 
distribution each year to areas that were not heavily impacted the preceding year 
(Chapter IV). In 1998 and 1999 a cluster ofHenslow's Sparrows were banded in 
study plot 13a-north, but no birds were found in the plot 2000; perhaps this is because 
a base camp for a field exercise was established in the plot for 1 wk in the fall of 
1999, which compacted vegetation and created bare ground. Similarly, Henslow's 
Sparrows will not return for at least 1 to 2 yr to a site that has been hayed or burned 
(Zimmerman 1988, Herkert 1994b, Michaels 1997). Training maneuvers, as well as 
haying and burning grasslands, may cause short-term habitat loss for Henslow's 
Sparrows (Severinghaus and Severinghaus 1982, Zimmerman 1988 and 1992, 
Herkert 1994a, Gutzwiller and Hayden 1997), but most likely help maintain the 
species' habitat over time. 
The influence of military disturbance on Henslow's Sparrow breeding ecology 
has been studied at only two sites: Fort Riley, Kanasas and Fort Knox, Kentucky 
(Michaels 1997, Moss pers. comm. ). Michaels ( 1997) found no nests and data were 
inconclusive about the effects of military disturbance on Henslow's Sparrow breeding 
biology, and Moss's investigation has not yet been concluded. In my study I only 
found a potential influence of military impact on the presence ofHenslow's Sparrow 
territories, but could not determine an association with breeding success. Mowing, 
which may have similar effects on Henslow's Sparrows as does military impact, 
causes the species to abandon territories (Smith 1992) and nests (Winter 1999). 
87 
Impact on a species may not always be immediate; however, this issue could not be 
addressed in my study due to sn1all sample size ofHenslow's Sparrows found within 
study plots where military impact was assessed. Future research should take this into 
account and focus on monitoring both daily movements of the species and vehicle 
traffic through observation, radio telemetry or remote sensing, and then compare data 
collected through GIS. In addition, an off-post control site to monitor the daily 
movement ofHenslow's Sparrows would be required, so a comparison between the 
average day distance moved by the species in an impacted (on post) and non-
impacted (off post) site can be made. 
Although no direct effect of military training on Henslow's Sparrows' 
breeding success was established, the quality of the grasslands could be improved by 
a temporal shift in training activities. Data revealed high levels of training in the 
spring when vegetation is most sensitive and soils are generally wet (Fig. 2). 
Training after 1 July would reduce the impact on the land, and allow for more 
sustainable use later in the season (Wilson 1988). Dunwiddie et al. (1997) found 
mowing and burning in August maintained the coastal sandplain grasslands. Over the 
11-yr study on Nantucket Island, J\.1assachusetts, disturbance by mowing or burning 
increased herbaceous vegetation, 83% and 62% respectfully, and decreased shrub 
stem count (Dunwiddie et al. 1997). And, Mitchell (2000) found a combination of 
summer mowing and summer burning treatments caused the highest mortality in 
shrubs (Lonicera morrowii and Corn us spp.) when compared to other methods, spring 
burning or spring mowing and summer burning. Treatments (mowing and/ or 
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burning) must be done for more than one year, however to have this type of impact 
(Mitchell 2000). Hence, if vegetation in key Henslow's Sparrow habitat locations 
was not disturbed during its rapid growth period in June (Wilson 1988) (Fig. 4) and 
training activities were dispersed to sites that have more durable soils, little surface 
I 
water, and hardy vegetation (Trame 1997), much higher rates of military training 
might be supported by the grasslands (Wilson 1988) while maintaining a quality site 
for breeding grassland birds. 
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Table 1 Military installations with Henslow's Sparrows populations (Mitchell 1998). 
Wintering Grounds Breeding Grounds 
Fort Stewart, Georgia 
Marine Corps Base Camp Lejeune, North Carolina 
Fort Polk, Louisiana 
Godman Air Field at Fort Knox, Kentucky 
Jefferson Proving Grounds, Indiana 
Fort Riley, Kansas 
A von Park Air Force Range, Florida 
Tyndall Air Force Base, Florida 
Fort Drum, New York 
Table 2 Annual, average percent of 50m x 50m quadrats (quad) impacted (MI-l) in 
each study plot and all plots for each year of the study and overall, ±SE in 
parenthesis. 
13a-north 13a-south 12c-north 12c-south All plots year (12 ha = 48 quad) (7 ha = 28 quad), (9 ha = 36 quad) (12 ha = 48 quad) (40 ha = 160 quad) 
1998 25.2 (7.4) 10.1 (3.9) 15.1 (5.9) 22.1 (8.1) 19.3 (5.9) 
1999 25.2 (7.1) 15.7 (5.7) 15.2 (6.8) 23.7 (9.9) 20.8 (6.5) 
2000 18.1 (7.1) 0.0 (0.0) 22.9 (10.7) 31.7 (13.1) 20.1 (7.8) 
overall 23.4 (4.5) 8.9 (2.5) 18.2(5.1) 26.6 (5.8) 20.6 (3.9) 
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Table 3 Within-season effects of military impact (MI-l) on the number of woody 
stems (NOWS) in each study plot. (*Insufficient data) 
Study Plot Equation Number of woody stems F r2 p 
13an 1998 NOWSZ98 =- 0.000 + 2.79 MI-1Z98 8.452 0.034 0.004 
1999 NQWSZ99 = 0.001- 0.446 MI-1Z99 0.296 0.001 0.587 
2000 NOWSZOO = 0.000 + 3.21 MI-1ZOO 7.713 0.031 0.006 
13as 1998 NOWSZ98 = 0.000- 0.13 MI-1Z98 0.005 0.000 0.942 
1999 NOWSZ99 =- 0.000 + 0.43 MI-1Z99 0.095 0.001 0.758 
2000 * * * * 
12cn 1998 NOWSZ98 =- 0.000-0.79 MI-1Z98 0.524 0.003 0.470 
1999 NOWSZ99 =- 0.000- 1.14 MI-1Z99 1.579 0.009 0.210 
2000 NOWSZOO =- 0.000 + 0.62 MI-1ZOO 0.377 0.002 0.540 
12cs 1998 NOWSZ98 =- 0.000 + 1.44 MI-1Z98 2.358 0.010 0.126 
1999 NOWSZ99 = 0.000- 1.26 MI-1Z99 1.478 0.006 0.225 
2000 NOWSZOO =- 0.000 - 2.90 MI-1ZOO 5.480 0.023 0.020 
Table 4 Within-season effects of military impact (MI-l) on the average height of 
woody stems (AHWS) in each study plot. (*Insufficient data) 
Study Plot Equation avg. height of woody stems F r2 p 
13an 1998 AHWSZ98 =- 0.0000 + 0.409 MI-1Z98 2.411 0.010 0.122 
1999 AHWSZ99 =- 0.0006 - 0.092 MI-1Z99 2.323 0.010 0.129 
2000 AHWSZOO = 0.0000 + 0.508 MI-1ZOO 2.213 0.009 0.138 
13as 1998 AHWSZ98 =- 0.0000 + 0.169 MI-1Z98 0.004 0.000 0.948 
1999 AHWSZ99 =- 0.0000 + 0.102 MI-1Z99 0.001 0.000 0.981 
2000 * * * * 
12cn 1998 AHWSZ98 =- 0.0000- 0.091 MI-1Z98 2.285 0.013 0.132 
1999 AHWSZ99 =- 0.0000- 0.176 MI-1Z99 1.242 0.007 0.267 
2000 AHWSZOO = 0.0000 + 0.250 MI-1ZOO 0.020 0.000 0.888 
12cs 1998 AHWSZ98 =- 0.0000 + 0.327 MI-1Z98 3.773 0.016 0.053 
1999 AHWSZ99 =- 0.0027 + 0.020 MI-1Z99 0.530 0.002 0.467 
2000 AHWSZOO = 0.0000- 0.155 MI-1ZOO 1.527 0.006 0.218 
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Table 5 Within-season effects of military itnpact (MI-l) on the total number of 
shrub contacts (TSC) in each study plot. (*Insufficient data) 
Study Plot Equation total shrub count 
F r2 p 
13an 1998 TSCZ98 = 0.0000 + 0.248 MI-1Z9 8.617 0.035 0.004 
1999 TSCZ99 =- 0.0002 - 0.138 MI-1Z99 0.650 0.003 0.421 
2000 TSCZOO = 0.0000- 0.211 MI-1ZOO 9.573 0.039 0.002 
13as 1998 TSCZ98 = 0.0000-0.017 MI-1Z98 0.717 0.005 0.399 
1999 TSCZ99 =- 0.0000 + 0.005 MI-1Z9 0.468 0.003 0.495 
2000 * * * * 
12cn 1998 TSCZ98 =- 0.0000 + 0.243 MI-1Z98 0.345 0.002 0.558 
1999 TSCZ99 =- 0.0000 + 0.105 MI-1Z99 2.275 0.013 0.133 
2000 TSCZOO =- 0.0000 + 0.026 MI-1ZOO 3.297 0.018 0.071 
12cs 1998 TSCZ98 =- 0.0000 + 0.274 MI-·1Z98 1.291 0.005 0.257 
1999 TSCZ99 =- 0.0000 - 0.129 MI-1Z99 0.029 0.000 0.866 
2000 TSCZOO =- 0.0000 - 0.251 MI-1ZOO 1.261 0.005 0.263 
Table 6 Within-season effects of military impact (MI-l) on the total number of forb 
contacts (TFC) in each study plot. (*Insufficient data) 
Study Plot Equation total forb count 
F r2 p 
13an 1998 TFCZ98 =- 0.0000 + 0.121 MI-1Z98 0.215 0.001 0.644 
1999 TFCZ99 = 0.0001 + 0.317 MI-1Z99 2.143 0.009 0.145 
2000 TFCZOO =- 0.000- 0.346 MI-1ZOO 0.751 0.003 0.387 
13as 1998 TFCZ98 =- 0.000 + 0.701 MI-1Z98 2.447 0.017 0.120 
1999 TFCZ99 =- 0.000 + 1.02 MI-1Z99 7.545 0.052 0.007 
2000 * * * * 
12cn 1998 TFCZ98 =- 0.000 + 0.062 MI-1Z98 0.029 0.000 0.866 
1999 TFCZ99 =- 0.000 + 0.101 MI-1Z99 0.091 0.001 0.764 
2000 TFCZOO =- 0.000 + 0.386 MI-1ZOO 0.922 0.005 0.338 
12cs 1998 TFCZ98 =- 0.0000-0.083 MI-1Z98 0.104 0.000 0.747 
1999 TFCZ99 = 0.0000- 0.068 MI-1Z99 0.067 0.000 0.796 
2000 TFCZOO =- 0.0000 - 0.363 MI-1ZOO 1.178 0.005 0.279 
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Table 7 Between-season effects of military impact (MI-l) on the total number of 
forb contacts (TFC) in each study plot. (*Insufficient data) 
Study Pl.ot Equation total forb count 
F r2 p 
13an 1998-1999 TFCZ99 = 0.0001 + 0.164 MI-1Z98 0.455 0.002 0.501 
1999-2000 TFCZOO =- 0.000 + 0.787 MI-1Z99 7.699 0.031 0.006 
13as 1998-1999 TFCZ99 =- 0.000 + 0.118 MI-1Z98 0.069 0.000 0.793 
1999-2000 * * * * 
12cn 1998-1999 TFCZ99 =- 0.000 + 0.732 MI-1Z98 4.532 0.025 0.035 
1999-2000 TFCZOO =- 0.000 + 1.24 MI-1Z99 10.149 0.054 0.002 
12cs 1998-1999 TFCZ99 = 0.0000 + 0.155 MI-1Z98 0.431 0.002 0.512 
1999-2000 TFCZOO =- 0.0000 + 0.293 MI-1Z99 0.903 0.004 0.343 
Table 8 Between-season effects of military impact (MI-l) on the average height of 
woody stems (AHWS) in each study plot. (*Insufficient data) 
Study Plot Equation average height of woody stems 
F r2 p 
13an 1998-1999 AHWSZ99 =- 0.0006 + 0.375 MI-1Z98 0.067 0.000 0.796 
1999-2000 AHWSZOO = 0.0000 - 0.031 MI-1Z9 0.640 0.003 0.425 
13as 1998-1999 AHWSZ99 =- 0.0000- 0.550 MI-1Z98 0.172 0.001 0.679 
1999-2000 * * * * 
12cn 1998-1999 AHWSZ99 =- 0.0000- 0.226 MI-1Z98 0.709 0.004 0.401 
1999-2000 AHWSZOO = 0.0000-0.247 MI-1Z99 0.932 0.005 0.336 
12cs 1998-1999 AHWSZ99 =- 0.0027 + 0.084 MI-1Z98 4.427 0.018 0.036 
1999-2000 AHWSZOO = 0.0000 - 0.289 MI-1Z99 0.302 0.001 0.583 
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Table 9 Between-season effects of military impact (MI-l) on the average number of 
woody stems (NOWS) in each study plot. (*Insufficient data) 
Study Plot Equation Number of woody stems F r2 p 
13an 1998-1999 NOWSZ99 = 0.001 + 2.78 MI-1Z98 9.551 0.039 0.002 
1999-2000 NOWSZOO = 0.000 + 0.521 MI-1Z99 0.380 0.002 0.538 
13as 1998-1999 NOWSZ99 = 0.000- 3.96 MI-1Z98 6.019 0.042 0.015 
1999-2000 * * * * 
12cn 1998-1999 NOWSZ99 =- 0.000- 1.85 MI-1Z98 3.861 0.021 0.051 
1999-2000 NOWSZOO =- 0.000- 1.47 MI-1Z99 2.133 0.012 0.146 
12cs 1998-1999 NOWSZ99 = 0.000 + 1.43 MI-1Z98 2.365 0.010 0.125 
1999-2000 NOWSZOO =- 0.000-0.90 MI-1Z99 0.613 0.003 0.434 
Table 10 Between-season effects of military impact (MI-l) on the total number of 
shrub contacts (TSC) in each study plot. (*Insufficient data) 
Study Plot Equation total shrub count F r2 p 
13an 1998-1999 TSCZ99 =- 0.0002 + 0.026 MI-1Z98 8.974 0.036 0.003 
1999-2000 TSCZOO = 0.0000 + 0.082 MI-1Z99 0.066 0.000 0.798 
13as 1998-1999 TSCZ99 =- 0.0000-0.101 MI-1Z9 10.541 0.071 0.001 
1999-2000 * * * * 
12cn 1998-1999 TSCZ99 =- 0.0000- 0.0827 MI-1Z98 3.482 0.019 0.064 
1999-2000 TSCZOO =- 0.0000- 0.175 MI-1Z99 3.259 0.018 0.073 
12cs 1998-1999 TSCZ99 =- 0.0000 + 0.331 MI-1Z98 0.603 0.003 0.438 
1999-2000 TSCZOO =- 0.0000 + 0.103 MI-1Z99 5.233 0.022 0.023 
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Table 11 Mean percent of study plot quadrats impacted by military maneuvers as it 
relates to the number of birds banded in quadrat (BB=O or BB at least 1 ), absence (no 
terr) or presence (50% terr) ofHenslow's Sparrow territory, and reproductive success 
based on of Vickery et. al (1992) Reproductive Index (RI<3 or RI>3). Standard error is 
given in parenthesis. Included are results of Student's T -tests. {*Insufficient data) 
Study Plot 13a-north 
Year BB=O BB at p no terr 50% terr p RI<3 Rl>3 p least 1 
1998 50(2) 48(6) 0.37 51(2) 49(3) 0.31 51(2) 47(5) 0.27 
1999 26(2) 36(6) 0.12 25(2) 32(6) 0.15 26(2) * * 
2000 19(1) * * 19(1) * * 19(1) * * 
Study Plot 13a-south 
Year BB=O BB at p no terr 50% terr p RI <3 RI>3 p least 1 
1998 35(2) 35(2) 0.47 36(1) 28(3) 0.03 35(1) * * 
1999 16(2) * * 16(2) * * 16(2) * * 
2000 0(0) * * 0(0) * * 0(0) * * 
Study Plot 12c-north 
Year BB=O BB at p no terr 50% terr p RI<3 Rl>3 p least 1 
1998 15(8). 16(8) 0.42 16(1) * * 15(1) * * 
1999 15(2) * * 15(2) * * 15(2) * * 
2000 25(2) 22(5) 0.30 23(2) 30(4) 0.04 25(2) * * 
Study Plot 12c-south 
Year BB=O BB at p no terr 50% terr p RI<3 RI>3 p least 1 
1998 31(2) * * 31(2) * * 31(2) * * 
1999 26(1) * * 26(1) * * 26(1) * * 
2000 35(1) * * 35(1) 38(4) 0.26 35(1) 38(4) 0.26 
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Fig. 1 The sight end of the Robel Pole was used to measure MI-2 in the four 
cardinal directions. Each time the rod fell on a vehicle track it was recorded as one. 
MI-2 for each Robel Pole plot ranged from zero to four. 
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CHAPTER VII 
CONCLUSIONS AND MANAGEMENT RECOMMENDATIONS 
This study investigated the abundance and distribution, site fidelity, habitat 
selection, and breeding biology ofHenslow's Sparrows at Fort Drum, New York, 
along with the effects of military maneuvers on the species. Below I summarize my 
results, point out issues that need further research, and develop some general 
recommendations for the management of tall grasslands at Fort Drum, New York. 
Temporal variation in abundance of Henslow's Sparrows 
The Henslow's Sparrow population at Fort Drum fluctuated annually 
throughout the 6 yrs. of my study (1998-2000) and the Environmental Division of 
Fort Drum's Grassland Bird Study (1995-1998) (Chapter II). The species' population 
was highest in 1995, with an average of 19 birds heard at the 48, lOOm radius point 
counts and dropped to a low of 6 birds in 2000. Based on banding data, though, point 
count data underestimated the Henslow's Sparrow population at Fort Drum (Chapter 
III). I mist netted and banded a total of 85 Henslow's Sparrows during my study- 33 
in 1998,26 in 1999, and 25 in 2000, which included 16 juveniles, 13 adult females, 
and 56 adult males (Chapter III). I estimated the annual breeding population of 
Henslow's Sparrows at Fort Drum to be between 30-40 pairs, based on banding data 
and field observations, since it was shown that census data underestimated the 
population. 
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Nine of the 84 birds banded exhibited site fidelity, with 1 juvenile (1/16), 1 
female (1/13), and 7 males (7/56) returning to the Fort Drum grassland (Chapter III). 
Interestingly, the father of the bird showing natal site fidelity also returned. 
Returning birds moved an average of 1000 ±362m from their original banding 
location. A slight morphological difference between males and females was noted, 
with females averaging a shorter metatarsus and wing chord. No differences in 
morphological measurements between returning and non-returning birds were noted. 
Breeding Biology of the Henslow's Sparrow at Fort Drum, New York 
A total of 63 territories were monitored over my 3 yr study at the base- 22 in 
1998, 21in 1999, and 20 in 2000 (Chapter IV). Territory size averaged 0.38 ± 0.06 
ha. The secretive nature of the species limited my success in finding nests, so I 
estimated reproductive success of the species using the Vickery et al. (1992) 
Reproductive Index. Based on observed behavior of adults, I found Henslow's 
Sparrows' reproductive success at Fort Drum to be 25o/o, a little lower than studies 
that used Mayfield's technique (1975) to monitor reproductive success (Robins 
1971a, Winter 1998). Two nests were located in 1999; however, only on,e nest with 
four nestlings survived. 
Effects of vegetation structure and the landscape on Henslow's Sparrows habitat 
selection 
Habitat characteristics associated with Henslow's Sparrows at Fort Drum 
were similar to other reports. The species was found in areas with dense vegetation 
and live grass cover with few shrubs (Chapter V). Analysis of the species' 
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association with landscape characteristics showed the Henslow's Sparrow selected 
habitat at relatively low elevations located far from roads. Average territory 
vegetation cover was 37% grass, 43% grass litter, 17% forbs, 1% forb litter, and $; 1% 
shrubs. 
Influence of military maneuvers on Henslow's Sparrows and their habitat at 
Fort Drum 
Military impact on the Henslow's Sparrow at Fort Drum was assessed in four 
study plots ranging in size from 7-12 ha: 13a-north ( 12 ha), 13a-south (7 ha), 12c-
north (9 ha), and 12c-south (12 ha) (Chapter VI). Average, annual percent ofthe 50m 
x 50m study plot quadrats affected by tracked vehicles ranged from 0-31.7% (n=140 
quadrats); however, annual impact differed significantly in only one study plot, 13a-
south between 1999 and 2000. A high degree of impact was correlated with an 
increase in forb cover the following year and a decrease in shrub height. Military 
activity influenced shrub numbers both positively and negatively, depending on year 
and study plot, allowing for no concrete relationship to be established. Although no 
direct relationship between breeding biology ofHenslow's Sparrows and military 
maneuvers was found, military maneuvers remain a potential influence on where 
Henslow's Sparrows establish territories. 
Management Recommendations for the Fort Drum Grasslands 
The grasslands at Fort Drum, New York harbor a large array of grassland bird 
species that no single management practice will adequately maintain (Gibson et al. 
1993, Bolsinger et al. 2000). Grasslands are temporal in nature, requiring rotational 
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management so patches of required habitat are constantly available to breeding birds. 
Three common management techniques used to maintain grasslands are mowing, 
burning, and grazing (currently, none of these techniques are practiced at Fort Drum). 
Mowing after mid-August avoids nest destruction and territorial abandonment, 
compared to when mowing is done earlier in the summer (Smith and Smith 1990, 
Smith 1992, Mazur 1996). In addition, mowing late in the summer season leaves a 
litter layer for birds arriving the next spring; however, this management technique 
does reduce standing dead vegetation used for perches (Mazur 1996). Burning 
removes standing vegetation and the litter layer initially; however, burning also 
stimulates the eventual development of both of these habitat characteristics (Mazur 
1996). Prescribed burning at the end of the summer allows for ground-nesting birds 
to fledge their young while still giving vegetation one to two months to regenerate 
before the first frost (Herkert 1995). Grazing, if overstocking of an area does not 
occur and cattle are not introduced until after nesting season, leaves both the litter 
layer intact and some standing vegetation (Mazur 1996), and does not negatively 
impact grassland birds in the Northeast (Smith and Smith 1992, Norment et al. 1999). 
Hence, management of grassland communities in New York can be done by a wide 
variety of techniques including mowing, burning, or grazing depending upon the 
location, time within the season, frequency/intensity, climate, and landscape (Burhans 
2002). 
At Fort Drum military maneuvers are possibly the key factor in maintaining 
the grasslands. Although my data suggest no clear effect of maneuvers on the 
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grassland vegetation besides increasing forb growth, the fact that the grasslands have 
persisted over many years implies that military exercises are preventing successional 
development (Bolsinger et al. 2000). An experiment with two types of treatment 
plots, those impacted by military activity and those not impacted, would directly 
address how military maneuvers influence shrub and herbaceous vegetation growth. 
Reduction of military maneuvers in the early spring, when vegetation is still 
growing, makes the grasslands more resilient to impact in the summer, and possibly 
promotes grassland bird populations (Wilson 1998). Wilson (1988) found that 
grasslands impacted by military maneuvers before 1 July were less resilient to impact 
than areas affected after this date. This is because plants' roots are better established 
by mid-summer and can regenerate faster in the summer than in the spring. Hence, if 
training on the grasslands was maximized later in the summer (July and August), 
birds would possibly have increased nesting success and the impact of tactical 
exercise on the grasslands would decrease, allowing for more maneuvers in optimal 
conditions (Gutzwiller 1992). Subsequently, ifthe number of military maneuvers 
were decreased before 1 July in sensitive Henslow's Sparrow habitat the site 
durability will be enhanced, effectively mitigating impacts to soil, vegetation, and 
animal habitat while leaving grassland birds undisturbed during peak breeding time 
(Chapter IV, Fig. 4) (Trame 1997). 
In addition to modifying management practices, long-term monitoring of the 
Henslow's Sparrow population at Fort ·orum is required. Because of the varying 
weather patterns over the course of this study and declining trends in regional 
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grassland bird abundance (Sauer et al. 2001 ), a larger temporal scale than 3 yr is 
required to determine if my results are constant throughout time and not just for 3 yr 
(Herkert and Knopf 1998, Petersen and Best 1999). Future studies should incorporate 
a control aspect in relation to assessing military maneuvers; Perch Lake Wildlife 
Refuge, located only 15 km from the base, has an established population of 
Henslow's Sparrows and it could be used for comparative purposes (Nick Leon pers. 
comm.). Future research should address the effects of predation and the species' 
proximity to water, along with more in-depth research into the sparrow's breeding 
biology and site fidelity. 
Management of the Henslow's Sparrow's habitat in the northeastern United 
States is required if this species is going persist in region. Habitat for the Henslow's 
Sparrow is currently being lost through farmland abandonment, commercial 
development and ecological succession. One of the largest continuous grasslands in 
New York exists at Fort Drum and in the surrounding Saint Lawrence Basin, and 
offers an important breeding site for the state-threatened Henslow's Sparrow. Proper 
management of the grassland habitat at Fort Drum will allow the ecolo~ical needs of 
this species to be met in the future. 
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Appendix I 
Modified mist netting pole 
4--------- 106 em pipe 
~._-------Pipe fitting 
-----------92 em pipe 
~~·J.J 4---------15 em steel folded and welded to the pipe & nail 
13 em nail 
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Appendix II 
Method for attachment of radio telemetry transmitters 
The transmitter harness is constructed of fishing monofilament and heavy-
duty thread. The thread provides a "loose link," so if a bird is lost, the transmitter has 
a greater likelihood of falling off. The "loose 1 ink" expands across only the anterior 
hole of the transmitter and is Superglued™ on each side to monofilament. Prior to 
placing the harness on a bird, one end of the monofilament is strung through the 
posterior hole of the transmitter, creating a loop. The loop is placed around one leg of 
the bird with the flat surface of the transmitter touching the bird's back. The second 
loop of the backpack is created by sliding a pair of tweezers posterior to anterior 
between the bird's legs, grabbing the loose end of monofilament, and pulling the 
fishing line back through the legs to form a loop around the leg. The two ends of the 
monofilament are knotted. The transmitter should be positioned mid-back; if not, 
slide the harness into place by carefully pulling on the loose ends of the 
monofilament. Once positioning of the backpack is correct, Superglue™ the knot and 
cut loose ends (Rappole and Tipton1991). 
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